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TL 787 Public Transportation II: 3 Credits 
Instructors and contact information  
Dr. Ranjit Godavarthy, 410B Quentin Burdick Building, Phone: 701.231.6436 
Email: ranjit.godavarthy@ndsu.edu 
Office hours: By appointment 
 
Mr. Jeremy Mattson, 410C Quentin Burdick Building, Phone: 701.231.5496 
Email: jeremy.w.mattson@ndsu.edu   
Office hours: By appointment 
Course description 
This course focuses on concepts and modeling procedures used when planning and 
operating public transportation systems. Topics covered include transit demand 
analysis, quality of service concepts and estimation, bus and rail capacity, and service 
planning.  
Course objectives 
The objective of this course is to provide the student with an understanding of models 
used when planning and operating public transportation systems. Students will learn 
methods for estimating transit demand, quality of service, and capacity, as well as 
tools for designing service. Students will learn the modeling techniques and how to 
apply them to real-world scenarios. 
Prerequisite  
TL 786 – Special allowances can be made for those with a background in public 
transportation who have not taken TL 786. 
Evaluation procedures and criteria 
Grades will be based on the following: 
 
Homework assignments                                25 percent 
Online discussions / class participation   10 percent 
Exams       30 percent 
Final paper / project     35 percent 
The following scale will be used to assign letter grades.  
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Numerical Score Letter Grade 
90 – 100 A 
80 – 89 B 
70 – 79 C 
60 – 69 D 
Below 60 F 
 
Homework:  Students will be given weekly homework assignments, which will consist of 
problems or short essay questions. Assignments are due at the start of class on the date 
indicated, and the solutions will be discussed in class. 
 
Exams:  Exams are expected to be a combination of problems and essay questions. 
 
Final paper/project:  Students will be assigned a class project to be due by the end of the 
semester. At the end of the semester, students will make a presentation reporting their 
project. More details will be given to students early in the semester. 
Attendance 
According to NDSU Policy 333, attendance in classes is expected. Class attendance is not 
a direct component of the course grade, but participation in class and online discussion 
boards accounts for 10% of the grade. Students unable to participate in class are expected 
to make up for it by participating in the online discussion boards. If you cannot attend a 
class, it is a courtesy to inform your instructor in advance if possible. Late assignments 
will have an automatic 10% deducted. 
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Course schedule / calendar of events 
 
Week Topic References 
Jan 11-15 Introduction, Mode and Service Concepts TCQSM Chapters 2 
Jan 18-22 Operations Concepts  TCQSM Chapter 3 
Jan 25-29 Transit Operations and Service Scheduling Vuchic Chapter 1 
Feb 1-5 Demand Analysis 
Balcombe Chapters 3 & 5, Ceder 
Chapter 11; TCRP 161  
Feb 8-12 Quality of Service: Concepts and Methods TCQSM Chapters 4, 5 
Feb 15-19 Bus Transit Capacity TCQSM Chapter 6 
Feb 22-26 Bus Transit Capacity TCQSM Chapter 6 
Feb 29-Mar 4 Demand Response Transit Capacity TCQSM Chapter 7 
Mar 7-9 Mid-term exam (No lecture)  
Mar 14-18 No Class – NDSU Spring Break  
Mar 21-25 Rail Transit Capacity TCQSM Chapter 8  
Mar 28-Apr 1 Railroad Engineering AREMA Material 
Apr 4-8 Service Planning Vuchic Chapter 4 
Apr 11-15 Transit Service Planning Issues Walker – Human Transit 
Apr 18-22 Transit Financing, Transit Surveys 
Innovative Funding Sources for 
Transit, Kockelman et al., TCRP 
63 
Apr 25-29 Presentations  
May 2-6 No class  
May 9-13 Final exam, class project due  
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Required student resources 
Students must have access to a computer and the internet.  The instructor’s lecture 
notes will be made available.  Additional references will be identified on the web.   
 
No textbook is required for this course - handouts will be made available. The 
following resources are available online or will be provided to students. 
 
 Transit Capacity and Quality of Service Manual (TCQSM), Third Edition. TCRP 
Report 165. Transit Cooperative Research Program, Washington, DC: Transportation 
Research Board, 2013. http://www.trb.org/main/blurbs/169437.aspx 
 
 Vuchic, V. Urban Transit: Operations, Planning and Economics. John Wiley and 
Sons, New Jersey. (2005) 
 
 Balcombe et al. The Demand for Public Transit: A Practical Guide. TRL 2004. 
 
 Innovative Funding Sources for Transit, September 2012. 
 
 TCRP Report 161. Methods for Forecasting Demand and Quantifying Need for Rural 
Passenger Transportation: Final Workbook. Transit Cooperative Research Program, 
Washington, DC: Transportation Research Board, 2013. 
http://www.trb.org/Main/Blurbs/168758.aspx  
 
 TCRP Synthesis 63. On-Board and Intercept Transit Survey Techniques. Transit 
Cooperative Research Program, Washington, DC: Transportation Research Board, 
2002. http://www.trb.org/Main/Blurbs/156542.aspx  
 
 TCRP Synthesis 69. Web-Based Survey Techniques: A Synthesis of Transit Practice, 
Transit Cooperative Research Program, Washington, DC: Transportation Research 
Board, 2006. www.tcrponline.org/PDFDocuments/tsyn69.pdf  
 
 
Optional Reading 
 
 Ceder, A. Public Transit Planning and Operation: Theory, Modeling and Practice 
(Second Edition) Butterworth-Heinemann. (2014) 
 
 Litman, Todd. 2004. “Transit Price Elasticities and Cross-Elasticities,” Journal of 
Public Transportation 7(2):37-58. 
 
 Litman, Todd. (2009). Transportation Cost and Benefit Analysis: Techniques, 
Estimates and Implications, Second Edition. Victoria Transport Policy Institute.  
http://www.vtpi.org/tca/ 
 
 Walker, Jarrett. Human Transit: How Clearer Thinking about Public Transit Can 
Enrich Our Communities and Our Lives. Washington, DC: Island Press, 2012 
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Disability statement 
Any students with disabilities or other special needs, who need special accommodations 
in this course are invited to share these concerns or requests with the instructor and 
contact the Disability Services Office as soon as possible. 
Academic honesty statement 
The academic community is operated on the basis of honesty, integrity, and fair play. 
NDSU Policy 335: Code of Academic Responsibility and Conduct applies to cases in 
which cheating, plagiarism, or other academic misconduct have occurred in an 
instructional context. Students found guilty of academic misconduct are subject to 
penalties, up to and possibly including suspension and/or expulsion. Student academic 
misconduct records are maintained by the Office of Registration and Records. 
Informational resources about academic honesty for students and instructional staff 
members can be found at www.ndsu.edu/academichonesty 
. 
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 f
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l c
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 c
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 o
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 d
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as
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m
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 p
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 b
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 c
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ra
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l o
f r
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 d
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r d
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r d
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 c
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 c
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r d
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ra
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ra
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re
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 c
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 m
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 b
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ra
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 c
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 d
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at
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 m
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ra
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 r
el
at
iv
e 
to
 it
s 
ca
pa
ci
ty
•
Tr
af
fic
 s
ig
na
l d
el
ay
s 
fo
r 
tr
an
si
t 
ve
hi
cl
es
 o
pe
ra
tin
g 
on
 
ro
ad
w
ay
s.
Sp
ee
d 
O
bs
er
va
tio
ns
•H
ig
he
r 
sp
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m
al
le
r 
sy
st
em
s 
be
ca
us
e 
of
 h
ig
he
r 
le
ve
ls
 o
f 
co
ng
es
tio
n
R
el
ia
bi
lit
y 
C
on
ce
pt
s
•R
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 b
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 c
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 m
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 b
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 c
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 t
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 p
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 d
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 b
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 b
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at
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 c
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 d
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 o
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ad
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 m
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 c
an
 a
ff
ec
t 
de
m
an
d 
by
 in
cr
ea
si
ng
 t
he
 
va
lu
e 
of
 in
-v
eh
ic
le
 t
im
e
Tr
an
sf
er
s
•
Pa
ss
en
ge
rs
 d
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 m
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 m
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 r
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l t
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at
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ra
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 p
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 p
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 p
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re
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 d
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 d
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 s
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 t
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 d
ev
ia
tio
n 
m
ul
tip
lie
d 
by
 
th
e 
co
rr
es
po
nd
in
g 
va
lu
e 
of
 w
ai
tin
g 
or
 in
-v
eh
ic
le
 
tim
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 d
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 m
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at
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 f
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 d
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 d
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 p
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 d
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 b
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ra
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 t
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 d
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l d
el
ay
s 
un
de
r 
hi
gh
-d
en
si
ty
 o
pe
ra
tin
g 
co
nd
iti
on
s 
w
he
n 
fo
llo
w
in
g 
bu
se
s 
ar
e 
un
ab
le
 t
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 f
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 d
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 b
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 o
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 p
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 f
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 m
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at
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 t
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 b
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ge
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 c
om
pe
tin
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od
es
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ri
ce
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 c
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 p
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 m
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 p
os
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re
la
tio
ns
hi
p
•
D
ep
en
de
nt
 o
n 
re
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 r
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 c
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 c
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 m
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 m
or
e 
ef
fe
ct
iv
e 
at
 g
en
er
at
in
g 
de
m
an
d 
w
he
re
 
or
ig
in
al
 s
er
vi
ce
 le
ve
ls
 a
re
 r
el
at
iv
el
y 
lo
w
 a
nd
 c
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 c
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 t
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t d
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 r
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 c
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 b
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at
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 d
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ra
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f c
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 c
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 b
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ra
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 f
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 r
is
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ra
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 d
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 b
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ra
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 d
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 p
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m
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 r
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 c
on
su
m
er
s,
 e
m
pl
oy
ee
s,
 a
nd
 c
om
m
er
ci
al
 
en
te
rp
ri
se
s
•
W
ith
 g
re
at
er
 d
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 t
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 m
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 m
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re
la
tio
ns
hi
p 
be
tw
ee
n 
ca
r 
us
e 
an
d 
de
ns
ity
•
D
ue
 p
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 o
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 d
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 c
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 d
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 c
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ra
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 m
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 f
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f l
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 c
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l d
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 d
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 d
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 d
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 c
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 d
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 b
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 d
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ca
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m
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 b
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re
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 d
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 f
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 p
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ra
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 m
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 o
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is
tin
g 
m
od
es
•
El
as
tic
ity
 v
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 d
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 d
at
a 
to
 b
ui
ld
 a
 m
od
el
•
Th
er
ef
or
e,
 it
 is
 n
ec
es
sa
ry
 t
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ra
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ca
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m
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 c
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 c
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D
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 t
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 t
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 o
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 t
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 c
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 f
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at
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 d
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 p
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 d
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 c
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 c
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 d
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l c
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 c
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 p
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 m
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 e
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 c
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 p
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 t
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 m
ea
su
re
d 
in
 
m
on
et
ar
y 
un
its
) 
m
ay
 r
ep
re
se
nt
 m
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 c
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l c
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 r
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𝐶 𝑟
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 t
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 t
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 c
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 m
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 d
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 d
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 c
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at
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 p
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 d
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 c
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 d
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 t
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l f
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 o
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 c
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 t
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 t
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 c
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ra
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 c
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𝑈 𝑗
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𝑈 𝑗
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𝑍 𝑗
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𝑍 𝑗
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 t
ra
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 p
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l d
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 t
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 f
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s 
of
 T
ra
ns
it
Tr
an
sit
 p
lay
s t
w
o 
m
ajo
r r
ol
es
 in
 N
or
th
 A
m
er
ic
a.
1.
Ac
co
mm
od
at
e p
as
sen
ge
rs 
wh
o c
ho
os
e t
o u
se 
tra
ns
it 
for
 th
eir
 tr
ip
 m
ak
in
g 
ev
en
 th
ou
gh
 th
ey
 h
av
e o
th
er 
me
an
s o
f t
ra
ve
l a
va
ila
ble
 to
 th
em
, m
os
t l
ik
ely
 a
 
mo
to
r v
eh
icl
e (
Ch
oi
ce
 R
id
er
s).
2.
Pr
ov
id
e b
as
ic 
mo
bi
lit
y f
or
 th
os
e u
na
ble
 to
 d
riv
e (
Tr
an
sit
-d
ep
en
de
nt
 R
id
er
s).
C
ho
ic
e 
R
id
er
s: 
Pa
ss
en
ge
rs
 w
ho
 h
av
e 
m
or
e 
th
an
 o
ne
 tr
av
el
 o
pt
io
n 
av
ail
ab
le
 to
 th
em
. T
he
y 
ch
oo
se
 tr
an
sit
 fa
r a
 v
ar
ie
ty
 o
f r
ea
so
ns
, i
nc
lu
di
ng
:
y
Sa
vi
ng
 m
on
ey
 (e
.g
., 
pa
rk
in
g 
co
sts
, f
ue
l c
os
ts,
 to
lls
, i
ns
ur
an
ce
 an
d 
re
gi
str
at
io
n 
co
sts
 as
so
cia
te
d 
w
ith
 o
w
ni
ng
 a 
ca
r o
r m
ul
tip
le
 ca
rs
);
y
Po
te
nt
ial
 fo
r a
 fa
ste
r o
r m
or
e 
re
lia
bl
e 
tr
ip
;
y
Av
oi
di
ng
 th
e 
ne
ed
 to
 d
riv
e 
in
 co
ng
es
te
d 
ro
ad
w
ay
 c
on
di
tio
ns
;
y
Be
in
g 
ab
le
 to
 u
se
 tr
av
el
 ti
m
e 
m
or
e 
ef
fe
ct
iv
el
y;
y
H
el
pi
ng
 th
e 
en
vi
ro
nm
en
t b
y 
no
t c
on
tr
ib
ut
in
g 
to
 th
e 
ne
ga
tiv
e 
im
pa
ct
s 
of
 au
to
m
ob
ile
 tr
av
el
.
Tr
an
si
t-
de
pe
nd
en
t  
R
id
er
s (
C
ap
ti
ve
 R
id
er
s)
: M
ob
ili
ty
 fo
r 
th
os
e 
se
gm
en
ts 
of
 th
e 
po
pu
lat
io
n 
to
o 
yo
un
g, 
to
o 
ol
d,
 o
r o
th
er
w
ise
 
un
ab
le
 to
 d
riv
e 
du
e 
to
 p
hy
sic
al,
 m
en
ta
l, 
or
 fi
na
nc
ial
 d
isa
dv
an
ta
ge
s.
y
20
09
-3
1%
 o
f U
S 
an
d 
C
an
ad
a p
op
ul
at
io
n 
di
d 
no
t h
av
e 
dr
iv
er
s l
ic
en
se
. 
y
Th
is 
po
rt
io
n 
de
pe
nd
 o
n 
ot
he
r t
o 
tr
an
sp
or
t t
he
m
, o
r m
ak
e 
w
alk
 tr
ip
s, 
or
 b
ic
yc
lin
g,
 o
r u
se
 co
m
bi
na
tio
n 
of
 th
es
e.
 
Ro
le
 o
f Q
ua
lit
y 
of
 S
er
vi
ce
 in
 A
ttr
ac
tin
g 
an
d 
Re
ta
in
in
g 
Ri
de
rs
hi
p
y
Al
th
ou
gh
 tr
an
sit
 m
ay
 b
e 
th
e 
be
st 
/o
nl
y 
tr
av
el
 c
ho
ic
e 
av
ail
ab
le
 fo
r 
m
an
y 
ty
pe
s o
f t
rip
s m
ad
e 
by
 tr
an
sit
-d
ep
en
de
nt
 ri
de
rs
, q
ua
lit
y 
of
 
se
rv
ic
e 
is 
sti
ll 
an
 im
po
rt
an
t c
on
sid
er
at
io
n 
fo
r b
ot
h 
rid
er
s a
nd
 se
rv
ic
e 
pr
ov
id
er
s.
y
Fo
r r
id
er
s, 
a p
oo
r q
ua
lit
y 
of
 se
rv
ic
e 
ca
n 
lim
it 
th
e 
op
tio
ns
 av
ail
ab
le
 fo
r 
fin
di
ng
 an
d 
ho
ld
in
g 
a j
ob
, t
ak
in
g 
cl
as
se
s, 
or
 ta
ki
ng
 c
ar
e 
of
 b
as
ic
 li
vi
ng
 
ne
ed
s.
y
Fo
r t
ra
ns
it 
pr
ov
id
er
s, 
pr
ov
id
in
g 
a g
oo
d 
qu
ali
ty
 o
f s
er
vi
ce
 ca
n 
he
lp
 
re
ta
in
 ri
de
rs
 o
nc
e 
th
ey
 ar
e 
no
 lo
ng
er
 tr
an
sit
 d
ep
en
de
nt
.
y
La
nd
 u
se
s a
lo
ng
 tr
an
sit
 ro
ut
es
 an
d 
ar
ou
nd
 tr
an
sit
 st
at
io
ns
 sh
ou
ld
 h
el
p 
su
pp
or
t t
ra
ns
it 
se
rv
ic
e 
by
 p
ro
vi
di
ng
 sa
fe
 an
d 
di
re
ct
 li
nk
ag
es
 b
et
w
ee
n 
tr
an
sit
 st
op
s a
nd
 p
as
se
ng
er
s' 
or
ig
in
s a
nd
 d
es
tin
at
io
ns
. T
hi
s c
ou
ld
 h
el
p 
de
ve
lo
p 
a m
or
e 
w
alk
in
g-
an
d 
bi
cy
cl
in
g-
fr
ie
nd
ly
 e
nv
iro
nm
en
t. 
St
ak
eh
ol
de
rs
: D
iff
er
en
t s
ta
ke
ho
ld
er
s w
ho
 ar
e 
in
te
re
ste
d 
in
 tr
an
sit
 
pe
rfo
rm
an
ce
:
y
Tr
an
sit
 P
as
se
ng
er
s,
y
Tr
an
sit
 ag
en
cy
 st
af
f a
nd
 d
ec
isi
on
 m
ak
er
s,
y
M
ot
or
ist
s, 
an
d
y
C
om
m
un
ity
 m
em
be
rs
 an
d 
de
cis
io
n 
m
ak
er
s
Ch
ap
te
r 4
: Q
ua
lit
y 
of
 S
er
vi
ce
 C
on
ce
pt
s
1.
In
tr
od
uc
tio
n
2.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ac
to
rs
3.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ra
m
ew
or
k
4.
Q
ua
lit
y 
of
 S
er
vi
ce
, R
id
er
sh
ip
, a
nd
 S
er
vi
ce
 C
os
ts
2.
 Q
ua
lit
y 
of
 S
er
vi
ce
 F
ac
to
rs
Tw
o 
im
po
rt
an
t w
ay
s o
f i
de
nt
ify
in
g 
th
e 
qu
ali
ty
 o
f s
er
vi
ce
 fa
ct
or
s 
th
at
 ar
e 
m
os
t i
m
po
rt
an
t t
o 
ex
ist
in
g 
an
d 
po
te
nt
ial
 p
as
se
ng
er
s 
ar
e:
1)
to
 a
sk
 th
em
 d
ire
ctl
y t
hr
ou
gh
 cu
sto
me
r s
at
isf
ac
tio
n 
su
rv
ey
s a
nd
 
2)
to
 ob
ser
ve
 h
ow
 th
ey
 re
ac
t w
he
n 
gi
ve
n 
ac
tu
al
 or
 h
yp
ot
he
tic
al
 ch
oi
ce
s 
be
tw
ee
n 
tra
ns
it 
ser
vic
es 
or
 tr
av
el 
mo
de
s w
ith
 d
iff
ere
nt
 
ch
ar
ac
ter
ist
ics
.
C
us
to
m
er
 S
at
is
fa
ct
io
n 
R
es
ea
rc
h:
y
TC
RP
 P
ro
je
ct
 B
-1
1,
 "
C
us
to
m
er
-D
ef
in
ed
 S
er
vi
ce
 Q
ua
lit
y“
y
Fl
or
id
a D
ep
ar
tm
en
t o
f T
ra
ns
po
rt
at
io
n
y
N
C
H
RP
 P
ro
je
ct
 3
-7
0,
 "
M
ul
tim
od
al 
Le
ve
l o
f S
er
vi
ce
 fo
r U
rb
an
 
St
re
et
s“
: 
On
bo
ar
d 
su
rv
ey
s w
ere
 co
nd
uc
ted
 on
 bu
s r
ou
tes
 w
ith
 va
ry
in
g 
ser
vic
e 
ch
ar
ac
ter
ist
ics
 (e
.g
., 
fre
qu
en
cy
, l
oa
di
ng
, r
eli
ab
ili
ty,
 a
me
ni
ty
 p
ro
vis
io
n)
 o
pe
ra
ted
 by
 
fiv
e d
iff
ere
nt
 tr
an
sit
 a
ge
nc
ies
 a
ro
un
d 
th
e U
.S
. 
-
Cu
sto
me
rs 
we
re 
as
ke
d 
to
 ra
te 
th
eir
 ov
era
ll 
sa
tis
fa
cti
on
 w
ith
 th
eir
 tr
ip
, a
lo
ng
 w
ith
 
th
eir
 sa
tis
fa
cti
on
 a
bo
ut
 sp
ec
ifi
c a
sp
ec
ts 
of
 th
eir
 tr
ip
 (e
.g
., 
fre
qu
en
cy
, r
eli
ab
ili
ty
) [
for
 
a 
lis
t o
f 1
7 
fa
cto
rs]
Va
lu
e 
of
 T
im
e 
R
es
ea
rc
h:
y
Pa
ss
en
ge
rs
 al
so
 p
lac
e 
a v
alu
e 
on
 tr
av
el
 ti
m
e 
an
d 
jo
ur
ne
y 
qu
ali
ty.
 
y
Fo
r e
ac
h 
av
ail
ab
le
 tr
av
el
 o
pt
io
n,
 th
ey
 w
ill
 su
bc
on
sc
io
us
ly
 m
ak
e 
a 
pe
rs
on
al 
as
se
ss
m
en
t o
f w
ha
t i
s t
er
m
ed
 th
e 
ge
ne
ra
liz
ed
 co
st
 o
f t
he
ir 
tr
ip
.
y
G
en
er
al
iz
ed
 co
st
: T
hi
s c
os
t a
lso
 in
co
rp
or
at
es
 tr
an
sit
's 
qu
ali
ty
 o
f 
se
rv
ic
e 
at
tr
ib
ut
es
, w
hi
ch
 af
fe
ct
 c
ho
ic
e 
of
 ro
ut
e 
an
d 
m
od
e.
 Q
ua
lit
y 
is 
re
pr
es
en
te
d 
bo
th
 b
y 
th
e 
sp
ee
d 
of
 th
e 
jo
ur
ne
y 
(in
cl
ud
in
g 
po
te
nt
ial
 
de
lay
s)
 an
d 
th
e 
qu
ali
ty
 o
f t
he
 fa
ci
lit
ie
s u
se
d 
du
rin
g 
va
rio
us
 st
ag
es
 o
f 
th
e 
jo
ur
ne
y.
y
Th
e 
hi
gh
er
 th
e 
pe
rc
ei
ve
d 
co
st 
of
 a 
co
m
bi
na
tio
n 
of
 ro
ut
e 
an
d 
m
od
e 
(e.
g.,
 lo
ng
er
 tr
av
el
 ti
m
e,
 m
or
e 
cr
ow
de
d 
co
nd
iti
on
s)
, t
he
 le
ss
 li
ke
ly
 a 
pe
rs
on
 w
ou
ld
 c
ho
os
e 
it 
fo
r a
 g
iv
en
 tr
ip
.
y
Th
e 
ec
on
om
et
ric
 fr
am
ew
or
k 
is 
un
de
rp
in
ne
d 
by
 in
-v
eh
ic
le
 v
alu
e 
of
 
tim
e 
(V
oT
).
In
-V
eh
ic
le
 V
al
ue
s o
f T
im
e:
y
Si
ng
le
 p
oi
nt
 e
sti
m
at
es
 fo
r i
n-
ve
hi
cl
e V
oT
(o
r v
alu
e 
of
 tr
av
el
 ti
m
e 
sa
ve
d)
 ar
e 
of
te
n 
qu
ot
ed
 as
 a 
do
lla
r-
pe
r-
ho
ur
 ra
te
.
y
Th
es
e 
es
tim
at
es
 re
fle
ct
 th
e 
av
er
ag
e 
va
lu
e 
pl
ac
ed
 o
n 
sa
vi
ng
 o
ne
 h
ou
r 
of
 ti
m
e 
w
ith
in
 th
e 
re
le
va
nt
 p
op
ul
at
io
n.
N
ot
e: 
Th
e 
hi
gh
er
 th
e 
pe
rc
ei
ve
d 
co
st 
of
 a 
co
m
bi
na
tio
n 
of
 ro
ut
e 
an
d 
m
od
e,
 th
e 
le
ss
 li
ke
ly
 a 
pe
rs
on
 w
ou
ld
 c
ho
os
e 
it 
fo
r a
 g
iv
en
 tr
ip
.
Tr
ip
 P
ur
po
se
 a
nd
 M
od
e:
y
Re
su
lts
 o
f a
 re
vi
ew
 o
f o
ve
r 2
00
 B
rit
ish
 Vo
T
stu
di
es
, w
ith
 v
alu
es
 n
or
m
ali
ze
d 
to
 th
e 
co
m
m
ut
in
g 
ca
r d
riv
er
 v
alu
at
io
n,
 w
hi
ch
 h
as
 b
ee
n 
se
t t
o 
1.
0.
Tr
ip
 D
ur
at
io
n:
y
Lo
ng
er
 d
ist
an
ce
 tr
ip
s a
re
 g
en
er
all
y 
ag
re
ed
 to
 at
tr
ac
t a
 h
ig
he
r u
ni
t r
at
e V
oT
. 
In
 o
th
er
 w
or
ds
, t
he
 lo
ng
er
 th
e 
tr
ip
 to
 b
e 
m
ad
e,
 th
e 
m
or
e 
va
lu
e 
th
e 
av
er
ag
e 
pa
ss
en
ge
r w
ill
 p
lac
e 
on
 re
du
ci
ng
 th
e 
tr
av
el
 ti
m
e 
by
 a 
sin
gl
e 
un
it 
of
 ti
m
e.
Ac
ce
ss
, T
ra
ns
fe
r, 
an
d W
ai
t T
im
e:
y
W
he
n 
co
m
pa
re
d 
to
 th
e 
in
-v
eh
ic
le
 co
m
po
ne
nt
 o
f a
 tr
ip
, t
he
 ac
ce
ss
, w
ait
, 
an
d 
tr
an
sfe
r e
le
m
en
ts 
ty
pi
ca
lly
 re
qu
ire
 g
re
at
er
 p
hy
sic
al 
ef
fo
rt
. L
itt
le
 o
r n
o 
pr
od
uc
tiv
e 
us
e 
ca
n 
be
 m
ad
e 
of
 ti
m
e 
du
rin
g 
th
es
e 
sta
ge
s o
f a
 tr
ip
. 
y
Fo
r t
he
se
 re
as
on
s, 
a u
ni
t o
f t
im
e 
sp
en
t d
ur
in
g 
th
es
e 
sta
ge
s o
f a
 tr
an
sit
 tr
ip
 
is 
pe
rc
ei
ve
d 
as
 m
or
e 
te
di
ou
s t
ha
n 
a u
ni
t o
f i
n-
ve
hi
cl
e 
tim
e
Ch
ap
te
r 4
: Q
ua
lit
y 
of
 S
er
vi
ce
 C
on
ce
pt
s
1.
In
tr
od
uc
tio
n
2.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ac
to
rs
3.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ra
m
ew
or
k
4.
Q
ua
lit
y 
of
 S
er
vi
ce
, R
id
er
sh
ip
, a
nd
 S
er
vi
ce
 C
os
ts
3.
 Q
ua
lit
y 
of
 S
er
vi
ce
 F
ra
m
ew
or
k
y
Tr
an
sit
 Tr
ip
 D
ec
isi
on
-M
ak
in
g 
Pr
oc
es
s
Tr
an
si
t T
rip
 D
ec
is
io
n-
M
ak
in
g 
Pr
oc
es
s:
Av
ai
la
bi
lit
y:
 
y
A 
ke
y 
de
ci
sio
n 
is 
de
te
rm
in
in
g 
w
he
th
er
 o
r n
ot
 tr
an
sit
 se
rv
ic
e 
is 
ev
en
 
an
 o
pt
io
n 
fo
r a
 p
ar
tic
ul
ar
 tr
ip
. 
y
Tr
an
sit
 se
rv
ic
e 
is 
on
ly
 an
 o
pt
io
n 
fo
r a
 tr
ip
 w
he
n:
1.
Se
rv
ice
 is
 av
ai
la
ble
 at
 or
 n
ea
r t
he
 lo
ca
tio
ns
 a
nd
 ti
me
s t
ha
t o
ne
 w
an
ts 
to
 
tra
ve
l, 
an
d 
on
e c
an
 a
cce
ss 
it 
(s
pa
tia
l a
va
ila
bi
lit
y)
;
2.
Se
rv
ice
 is
 p
ro
vid
ed
 a
t t
he
 ti
me
s o
ne
 d
esi
res
 to
 tr
av
el-
of
ten
 in
clu
di
ng
 th
e 
ret
ur
n 
tri
p 
(t
em
po
ra
l a
va
ila
bi
lit
y)
;
3.
On
e k
no
ws
 h
ow
 to
 u
se 
th
e s
erv
ice
 (i
nf
or
m
at
io
n 
av
ai
la
bi
lit
y)
; a
nd
4.
Su
ffi
cie
nt
 sp
ac
e i
s a
va
ila
ble
 on
 tr
an
sit
 ve
hi
cle
s a
nd
, p
ot
en
tia
lly
, a
t 
su
pp
or
tin
g 
fa
cil
iti
es 
su
ch
 a
s p
ar
k-
an
d-
rid
e l
ot
s (
ca
pa
ci
ty
 
av
ai
la
bi
lit
y)
.
Tr
an
si
t T
rip
 D
ec
is
io
n-
M
ak
in
g 
Pr
oc
es
s:
C
om
fo
rt
 a
nd
 C
on
ve
ni
en
ce
: 
y
If 
tr
an
sit
 se
rv
ic
e 
is 
av
ail
ab
le
 as
 d
es
cr
ib
ed
 b
ef
or
e,
 th
en
 tr
an
sit
 b
ec
om
es
 an
 
op
tio
n 
fo
r a
 g
iv
en
 tr
ip
.
y
At
 th
is 
po
in
t, 
pa
ss
en
ge
rs
 w
ei
gh
 th
e 
co
m
fo
rt
 an
d 
co
nv
en
ie
nc
e 
of
 tr
an
sit
 
ag
ain
st 
co
m
pe
tin
g 
m
od
es
.
y
So
m
e 
of
 th
e 
th
in
gs
 th
at
 a 
po
te
nt
ial
 p
as
se
ng
er
 m
ay
 c
on
sid
er
 in
cl
ud
e 
th
e 
fo
llo
w
in
g:
1.
Is 
th
e s
erv
ice
 re
lia
ble
?
2.
H
ow
 lo
ng
 is
 th
e w
ai
t? 
Is 
sh
elt
er 
av
ai
la
ble
 a
t t
he
 st
op
 w
hi
le 
wa
iti
ng
?
3.
Ar
e t
he
re 
sec
ur
ity
 co
nc
er
ns
-w
al
ki
ng
, w
ai
tin
g, 
or
 ri
di
ng
?
4.
H
ow
 co
mf
or
ta
ble
 is
 th
e t
rip
? W
ill
 I 
ha
ve
 to
 st
an
d?
 A
re 
th
ere
 a
n 
ad
eq
ua
te 
nu
mb
er 
of
 se
cu
rem
en
t s
pa
ce
s? 
Ar
e t
he
 ve
hi
cle
s a
nd
 tr
an
sit
 fa
cil
iti
es 
cle
an
?
5.
H
ow
 m
uc
h 
wi
ll 
th
e t
rip
 co
st?
6.
Is 
a 
tra
ns
fer
 re
qu
ire
d?
7.
H
ow
 lo
ng
 w
ill
 th
e t
rip
 ta
ke
 in
 to
ta
l? 
H
ow
 lo
ng
 re
la
tiv
e t
o o
th
er 
mo
de
s?
Fr
am
ew
or
k 
Ou
tli
ne
y
Th
e 
tw
o 
as
pe
ct
s (
av
ail
ab
ili
ty,
 an
d 
co
m
fo
rt
 an
d 
co
nv
en
ie
nc
e)
 ca
n 
be
 
us
ed
 fo
r d
ev
el
op
in
g 
qu
ali
ty
 o
f s
er
vi
ce
 fr
am
ew
or
k 
(p
re
se
nt
ed
 b
el
ow
 
in
 th
e 
pi
ct
ur
e)
.
y
Th
es
e 
fra
m
ew
or
ks
-o
ne
 fo
r f
ix
ed
-r
ou
te
 se
rv
ic
e 
an
d 
on
e 
fo
r d
em
an
d-
re
sp
on
siv
e 
se
rv
ic
e-
fo
cu
s o
n 
ke
y 
pe
rfo
rm
an
ce
 m
ea
su
re
s t
ha
t t
ra
ns
it 
ag
en
cie
s c
an
 u
se
 to
 se
t s
er
vi
ce
 st
an
da
rd
s a
nd
 to
 e
va
lu
at
e 
th
e 
qu
ali
ty
 
of
 se
rv
ice
 th
ey
 p
ro
vi
de
 to
 th
ei
r p
as
se
ng
er
s.
Ch
ap
te
r 4
: Q
ua
lit
y 
of
 S
er
vi
ce
 C
on
ce
pt
s
1.
In
tr
od
uc
tio
n
2.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ac
to
rs
3.
Q
ua
lit
y 
of
 S
er
vi
ce
 F
ra
m
ew
or
k
4.
Q
ua
lit
y 
of
 S
er
vi
ce
, R
id
er
sh
ip
, a
nd
 S
er
vi
ce
 C
os
ts
4.
 Q
ua
lit
y 
of
 S
er
vi
ce
, R
id
er
sh
ip
, a
nd
 
Se
rv
ic
e 
Co
st
s
y
Im
pr
ov
in
g 
th
e 
qu
ali
ty
 o
f s
er
vi
ce
 ca
n 
re
su
lt 
in
 ri
de
rs
hi
p 
gr
ow
th
, b
ut
 it
 m
ay
 al
so
 e
nt
ail
 ad
de
d 
co
sts
. 
y
Tr
an
sit
 ag
en
cie
s n
ee
d 
to
 c
on
sid
er
 b
ot
h 
iss
ue
s a
s t
he
y 
pl
an
 
se
rv
ic
e 
an
d 
all
oc
at
e 
re
so
ur
ce
s.
Q
ua
lit
y 
of
 S
er
vi
ce
 a
nd
 R
id
er
sh
ip
:
y
Im
pr
ov
em
en
ts 
in
 q
ua
lit
y 
of
 se
rv
ic
e 
ca
n 
re
su
lt 
in
 in
cr
ea
se
s i
n 
rid
er
sh
ip
, w
hi
ch
 in
 m
an
y 
ca
se
s, 
ca
n 
re
su
lt 
in
 an
 im
pr
ov
em
en
t i
n 
a 
tr
an
sit
 ag
en
cy
's 
fin
an
ci
al 
pe
rfo
rm
an
ce
.
y
Th
e 
im
pa
ct
s o
f q
ua
lit
y 
of
 se
rv
ic
e 
on
 ri
de
rs
hi
p 
ar
e 
us
ua
lly
 
es
tim
at
ed
 u
sin
g 
on
e 
of
 tw
o 
m
et
ho
ds
.
1.
D
is
cr
et
e 
ch
oi
ce
 m
od
el
s: 
Es
tim
at
es
 th
e 
pr
ob
ab
ili
ty
 th
at
 a 
tr
av
el
er
 
w
ill
 u
se
 a 
pa
rt
ic
ul
ar
 m
od
e 
ch
oi
ce
 (e
.g
., 
tr
an
sit
) f
ro
m
 a 
va
rie
ty
 o
f 
m
od
e 
ch
oi
ce
 o
pt
io
ns
 av
ail
ab
le
.
2.
El
as
tic
ity
: E
las
tic
ity
 re
lat
es
 th
e 
ob
se
rv
ed
 p
er
ce
nt
ag
e 
ch
an
ge
 in
 
rid
er
sh
ip
 to
 th
e 
pe
rc
en
ta
ge
 c
ha
ng
e 
in
 so
m
e 
ot
he
r f
ac
to
r (
e.
g.
, 
fa
re
s, 
he
ad
w
ay
s, 
et
c.
).
Q
ua
lit
y 
of
 S
er
vi
ce
 a
nd
 R
id
er
sh
ip
:
R
es
po
ns
e 
to
 S
er
vi
ce
 F
re
qu
en
cy
 C
ha
ng
es
: 
y
Ri
de
rs
hi
p 
is 
m
or
e 
re
sp
on
siv
e 
to
 c
ha
ng
es
 in
 se
rv
ic
e 
fre
qu
en
ci
es
 w
he
n 
th
e 
ex
ist
in
g 
se
rv
ic
e 
is 
in
fre
qu
en
t (
30
-m
in
 h
ea
dw
ay
s o
r l
on
ge
r)
, i
n 
m
id
dl
e-
an
d 
up
pe
r-
in
co
m
e 
ar
ea
s, 
an
d 
w
he
n 
th
e 
di
sta
nc
es
 tr
av
el
ed
 ar
e 
sh
or
t 
en
ou
gh
 th
at
 w
alk
in
g 
is 
an
 o
pt
io
n.
 R
id
er
sh
ip
 is
 le
ss
 re
sp
on
siv
e 
w
he
n 
se
rv
ic
e 
w
as
 al
re
ad
y 
re
lat
iv
el
y 
fre
qu
en
t, 
in
 lo
w
er
-in
co
m
e 
ar
ea
s, 
an
d 
w
he
n 
m
os
t t
rip
s a
re
 lo
ng
.
y
O
bs
er
ve
d 
el
as
tic
iti
es
 g
en
er
all
y 
ra
ng
e 
fro
m
 0
.0
 (n
o 
ch
an
ge
 in
 ri
de
rs
hi
p)
 
to
+
 1
.0
 (i
.e
., 
a 1
%
 in
cr
ea
se
 in
 fr
eq
ue
nc
y 
re
su
lts
 in
 a 
1%
 in
cr
ea
se
 in
 
rid
er
sh
ip
), 
w
ith
 an
 av
er
ag
e 
el
as
tic
ity
 in
 th
e 
ra
ng
e 
of
 +
0.
3 
to
 +
0.
5.
R
es
po
ns
e 
to
 R
el
ia
bi
lit
y 
Ch
an
ge
s: 
y
Re
po
rt
s o
f p
as
se
ng
er
 re
sp
on
se
s t
o 
de
cr
ea
se
s i
n 
re
lia
bi
lit
y 
ar
e 
m
os
tly
 
an
ec
do
ta
l, 
in
di
ca
tin
g 
th
at
 ri
de
rs
hi
p 
is 
lo
st 
w
he
n 
se
rv
ic
e 
is 
pe
rc
ei
ve
d 
to
 
be
 u
nr
el
iab
le
.
Q
ua
lit
y 
of
 S
er
vi
ce
 a
nd
 R
id
er
sh
ip
:
R
es
po
ns
e 
to
 Tr
av
el
 T
im
e 
Ch
an
ge
s: 
y
Bu
s R
ap
id
 Tr
an
sit
 P
ra
ct
iti
on
er
's 
G
ui
de
 su
gg
es
ts 
a r
an
ge
 o
f 
el
as
tic
iti
es
 o
f -
0.
3 
to
 -0
.5
 re
lat
ed
 to
 tr
av
el
 ti
m
e,
 w
ith
 -0
.4
 ty
pi
ca
l.
R
es
po
ns
e 
to
 S
er
vi
ce
 C
ov
er
ag
e C
ha
ng
es
: 
y
Av
er
ag
e 
el
as
tic
iti
es
 o
f s
er
vi
ce
 e
xp
an
sio
ns
 o
f e
xi
sti
ng
 sy
ste
m
s 
(m
ea
su
re
d 
in
 te
rm
s o
f b
us
 m
ile
s o
r b
us
 h
ou
rs
) r
an
ge
 fr
om
 +
0.
6 
to
 
+
 1
.0
, w
ith
 th
e 
hi
gh
er
 v
alu
es
 o
cc
ur
rin
g 
in
 ar
ea
s w
he
re
 th
e 
ex
ist
in
g 
se
rv
ic
e 
le
ve
l i
s b
el
ow
 av
er
ag
e,
 su
ch
 as
 in
 sm
all
 c
iti
es
 an
d 
su
bu
rb
s, 
an
d 
du
rin
g 
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f-p
ea
k 
ho
ur
s.
Q
ua
lit
y 
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 S
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nd
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er
sh
ip
:
R
es
po
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e 
to
 F
ar
e 
Ch
an
ge
s: 
y
Pe
ak
-p
er
io
d 
rid
er
s, 
pe
rs
on
s t
ra
ve
lin
g 
to
 an
d 
fro
m
 w
or
k,
 an
d 
ca
pt
iv
e 
rid
er
s a
re
 si
gn
ifi
ca
nt
ly
 le
ss
 re
sp
on
siv
e 
to
 fa
re
 c
ha
ng
es
 th
an
 
ot
he
rs
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y
Pa
ss
en
ge
rs
 in
 la
rg
er
 ci
tie
s a
re
 le
ss
 se
ns
iti
ve
 to
 fa
re
 in
cr
ea
se
s t
ha
n 
ar
e 
pa
ss
en
ge
rs
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 sm
all
er
 ci
tie
s.
R
es
po
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e 
to
 P
ac
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ge
 o
f I
m
pr
ov
em
en
ts
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y
St
ud
ie
s o
f c
or
rid
or
 ri
de
rs
hi
p 
be
fo
re
 an
d 
af
te
r t
he
 im
pl
em
en
ta
tio
n 
of
 B
RT
 se
rv
ic
e 
ha
ve
 fo
un
d 
up
 to
 a 
25
%
 in
cr
ea
se
 in
 ri
de
rs
hi
p 
in
 th
e 
co
rr
id
or
 b
ey
on
d 
w
ha
t w
ou
ld
 b
e 
ex
pe
ct
ed
 si
m
pl
y 
fro
m
 fr
eq
ue
nc
y 
an
d 
tr
av
el
 ti
m
e 
im
pr
ov
em
en
ts.
Q
ua
lit
y 
of
 S
er
vi
ce
 a
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 S
er
vi
ce
 C
os
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:
Co
st
s A
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d 
w
ith
 F
re
qu
en
cy
 C
ha
ng
es
:
y
O
pe
ra
tin
g 
co
sts
 ar
e 
ve
ry
 se
ns
iti
ve
 to
 c
ha
ng
es
 in
 fr
eq
ue
nc
y. 
Al
l o
th
er
 th
in
gs
 
be
in
g 
eq
ua
l (
in
 p
ar
tic
ul
ar
, t
ra
ve
l t
im
es
 o
r s
pe
ed
s)
, d
ou
bl
in
g 
th
e 
fre
qu
en
cy
 
on
 a 
lin
e 
w
ill
 re
su
lt 
in
 th
e 
op
er
at
in
g 
co
sts
 d
ou
bl
in
g.
Co
st
s A
ss
oc
ia
te
d 
w
ith
 S
er
vi
ce
 H
ou
r C
ha
ng
es
:
y
In
cr
ea
sin
g 
th
e 
ho
ur
s o
f s
er
vi
ce
 in
cr
ea
se
s o
pe
ra
tin
g 
co
sts
, a
s t
ra
ns
it 
ve
hi
cl
es
 
ar
e 
in
 se
rv
ic
e 
lo
ng
er
, w
ith
 th
e 
co
rr
es
po
nd
in
g 
co
sts
 to
 p
ow
er
 th
em
 an
d 
to
 
dr
iv
e 
th
em
.
y
Al
l o
th
er
 th
in
gs
 b
ei
ng
 e
qu
al,
 a 
20
%
 in
cr
ea
se
 in
 th
e 
ho
ur
s o
pe
ra
te
d 
ov
er
 th
e 
co
ur
se
 o
f t
he
 w
ee
k 
w
ill
 ty
pi
ca
lly
 in
cr
ea
se
 o
pe
ra
tin
g 
co
sts
 b
y 
20
%
, w
he
th
er
 
th
e 
ad
de
d 
ho
ur
s c
om
e 
fro
m
 e
xt
en
di
ng
 h
ou
rs
 o
f s
er
vi
ce
 b
y 
2 
ho
ur
s a
 d
ay
 o
n 
w
ee
kd
ay
s, 
or
 b
y 
pr
ov
id
in
g 
10
 h
ou
rs
 o
f n
ew
 se
rv
ic
e 
on
 S
at
ur
da
ys
.
Q
ua
lit
y 
of
 S
er
vi
ce
 a
nd
 S
er
vi
ce
 C
os
ts
:
y
C
os
ts 
As
so
ci
at
ed
 w
ith
 S
er
vi
ce
 C
ov
er
ag
e 
C
ha
ng
es
y
C
os
ts 
As
so
ci
at
ed
 w
ith
 R
ed
uc
in
g 
C
ro
w
di
ng
y
C
os
ts 
As
so
ci
at
ed
 w
ith
 R
el
iab
ili
ty
 C
ha
ng
es
y
C
os
ts 
As
so
ci
at
ed
 w
ith
 Tr
av
el
 T
im
e 
C
ha
ng
es
Th
an
k 
yo
u
N
ex
t L
ec
tu
re
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ua
lit
y 
of
 S
er
vi
ce
 
M
et
ho
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-
C
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pt
er
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 o
f  T
C
RP
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ep
or
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ra
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C
ap
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Q
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lit
y 
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-
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po
rt
 an
d 
Po
w
er
Po
in
t s
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 m
ay
 b
e 
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ce
ss
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 o
nl
in
e 
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m
 w
w
w.
tr
b.
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g
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 t
yp
in
g 
“T
C
R
P
 R
ep
or
t 
16
5”
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Se
ar
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 ar
ea
.
-
PP
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Sl
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C
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ts 
an
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ot
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C
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ts:
 P
au
l R
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so
n
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al
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 o
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D
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 S
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 F
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ity
 o
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er
vi
ce
Fr
eq
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y
y
Tr
an
sit
 se
rv
ic
e 
ca
n 
on
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 b
e 
us
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 d
isc
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te
 ti
m
es
¾
If 
se
rv
ic
e 
is 
on
ly
 o
ffe
re
d 
ho
ur
ly,
 th
er
e 
is 
a v
er
y 
sm
all
 w
in
do
w
 o
f t
im
e 
du
rin
g 
th
e 
ho
ur
 w
he
n 
a t
ra
ns
it 
tr
ip
 ca
n 
be
 st
ar
te
d 
im
m
ed
iat
el
y
y
M
or
e-
fre
qu
en
t s
er
vi
ce
 p
ro
vi
de
s m
or
e 
op
po
rt
un
iti
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 fo
r 
im
m
ed
iat
e 
tr
av
el
¾
Tr
an
sit
 se
rv
ic
e 
m
or
e 
cl
os
el
y 
re
se
m
bl
es
 co
m
pe
tin
g 
m
od
es
 (a
ut
o,
 
bi
cy
cl
e,
 p
ed
es
tr
ian
) i
n 
te
rm
s o
f d
ep
ar
tu
re
 ti
m
e 
co
nv
en
ie
nc
e
y
Fr
eq
ue
nc
y 
is 
at
tr
ac
tiv
e 
to
 p
as
se
ng
er
s
¾
Ri
de
rs
hi
p 
in
cr
ea
se
s a
s f
re
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en
cy
 in
cr
ea
se
s, 
alt
ho
ug
h 
a d
im
in
ish
in
g 
re
tu
rn
s p
rin
ci
pl
e 
ap
pl
ie
s
y
Fr
eq
ue
nc
y 
is 
a k
ey
 d
riv
er
 o
f o
pe
ra
tin
g 
co
sts
¾
Im
pr
ov
em
en
ts 
to
 sp
ee
d 
an
d 
re
lia
bi
lit
y 
ca
n 
all
ow
 b
et
te
r f
re
qu
en
cy
 at
 
th
e 
sa
m
e 
co
st
Fr
eq
ue
nc
y 
QO
S
y
Se
ve
n 
le
ve
ls 
(A
ve
ra
ge
 H
ea
dw
ay
)
y
≤
5 
m
in
ut
es
y
>
5 
to
 1
0 
m
in
ut
es
y
11
 to
 1
5 
m
in
ut
es
y
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 to
 3
0 
m
in
ut
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y
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 to
 5
9 
m
in
ut
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y
60
 m
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ut
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y
>
60
 m
in
ut
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y
Q
O
S 
ta
bl
e 
lis
tin
g 
th
e 
pa
ss
en
ge
r a
nd
 o
pe
ra
to
r p
er
sp
ec
tiv
es
 fi
lls
 
m
os
t o
f 2
 p
ag
es
, s
o 
on
ly
 an
 e
xa
m
pl
e 
is 
sh
ow
n 
he
re
>5
–1
0 
m
in
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Fr
eq
ue
nt
 se
rv
ice
, n
o 
ne
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 fo
r p
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se
ng
er
s 
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 co
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ul
t s
ch
ed
ul
es
 
x 
Bu
s b
un
ch
in
g 
po
ss
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le
, w
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 ca
n 
re
su
lt 
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lo
ng
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-th
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-p
la
nn
ed
 w
ai
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r a
 b
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 a
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m
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e 
va
ria
bl
e 
lo
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s 
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Fe
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 o
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-d
en
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s w
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s o
r r
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l s
er
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ge
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m
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iv
ity
 ce
nt
er
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Sh
or
t h
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de
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r c
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ul
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 b
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m
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w
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 a
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Ex
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rig
ht
-o
f-w
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 d
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to
 re
du
ce
 
ex
te
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tr
an
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pe
ra
tio
ns
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 k
ee
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at
in
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ig
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im
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 o
pe
ra
tin
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co
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af
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 d
w
el
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an
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di
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 b
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pe
ra
to
r d
riv
in
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st
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 m
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su
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un
ch
in
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In
cr
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sin
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 (b
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t p
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ex
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 p
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 m
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 fl
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 st
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um
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r o
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se
rv
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fe
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d 
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ho
ur
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y
Si
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y
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y
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 to
 1
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ho
ur
s
y
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 to
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ur
s
y
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1 
ho
ur
s
y
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 h
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y
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s o
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en
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r P
er
sp
ec
tiv
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O
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r P
er
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h 
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A 
fu
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s c
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 b
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ed
 
x 
Al
lo
w
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av
el
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e,
 d
ru
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 d
riv
in
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ot
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r m
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es
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M
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 re
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 d
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qu
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y 
m
ea
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M
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 o
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M
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 b
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 o
n 
a 
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ffe
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st
 o
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he
 d
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ng
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sit
 d
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e 
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 an
d 
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ov
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 al
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g 
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w
ay
 an
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tr
an
sit
 st
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y
W
alk
in
g 
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e 
m
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t c
om
m
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 ac
ce
ss
 m
od
e 
fo
r u
rb
an
 tr
an
sit
 se
rv
ic
e
y
50
-8
0%
 o
f p
er
so
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 w
alk
 ¼
 m
ile
 o
r l
es
s t
o 
a l
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al 
bu
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p
y
50
%
 o
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er
so
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 ½
 m
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 o
r l
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s t
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il 
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rv
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e
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t c
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ne
ct
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ro
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, d
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s
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yc
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 c
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 c
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 4
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m
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m
e 
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m
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g
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w
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s t
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m
m
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 b
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 p
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M
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 d
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 C
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 d
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f t
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s b
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 d
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 b
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 d
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in
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r o
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t t
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t f
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 b
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op
 C
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r o
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t f
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 b
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na
l p
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al
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in
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ea
 m
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 th
an
on
e 
lo
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in
g 
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ea
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th
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f c
ap
ac
it
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tio
n 
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us
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op
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tio
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ea
r-s
id
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in
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ol
um
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, c
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fli
ct
in
g 
pe
de
st
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n 
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lu
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an
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ili
ty
 o
f b
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 m
ov
e 
ar
ou
nd
 o
th
er
 v
eh
icl
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in
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ea
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ct
iv
en
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ne
ar
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nd
 N
on
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ne
ar
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di
ng
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re
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y
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se
s c
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in
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pe
nd
en
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ou
t o
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on
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ne
ar
 lo
ad
in
g 
ar
ea
s
y
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w
to
ot
h,
 d
riv
e-
th
ro
ug
h,
 an
d 
an
gl
e 
be
rt
hs
y
Al
l l
oa
di
ng
 ar
ea
s c
an
 b
e 
us
ed
 in
de
pe
nd
en
tly
 o
f e
ac
h 
ot
he
r, 
w
he
n 
bu
se
s 
ar
e 
no
t a
ss
ig
ne
d 
to
 a 
sp
ec
ifi
c l
oa
di
ng
 ar
ea
 
y
Th
e 
pr
es
en
ce
 o
f a
no
th
er
 b
us
 m
ay
 b
lo
ck
 ac
ce
ss
 to
 li
ne
ar
 lo
ad
in
g 
ar
ea
s i
n 
fro
nt
 o
f t
he
 b
us
 an
d 
m
ay
 al
so
 b
lo
ck
 th
e 
de
pa
rt
ur
e 
of
 th
e 
fo
llo
w
in
g 
bu
s
y
Ea
ch
 lo
ad
in
g 
ar
ea
 ca
nn
ot
 b
e 
fu
lly
 u
til
ize
d
y
Ea
ch
 ad
di
tio
na
l p
hy
sic
al 
lo
ad
in
g
ar
ea
 co
nt
rib
ut
es
 le
ss
 an
d 
le
ss
ad
di
tio
na
l c
ap
ac
ity
St
op
pi
ng
 P
at
te
rn
s 
at
 L
in
ea
r L
oa
di
ng
 A
re
as
y
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 S
ce
na
rio
 5
, t
he
 b
us
 in
 lo
ad
in
g 
ar
ea
 2
 (L
A2
) b
lo
ck
s a
cc
es
s t
o 
th
e 
fro
nt
 lo
ad
in
g 
ar
ea
 (L
A1
) f
or
 th
e 
ne
xt
 ar
riv
in
g 
bu
s—
L
A
1’
s 
ca
pa
ci
ty
 
is 
un
us
ab
le
y
In
 S
ce
na
rio
s 6
 an
d 
7,
 if
 an
ot
he
r b
us
 ar
riv
es
 b
ef
or
e 
th
e 
re
ar
 b
us
 
le
av
es
, l
oa
di
ng
 ar
ea
 fa
ilu
re
 w
ill
 o
cc
ur
Bu
s 
St
op
 P
la
ce
m
en
t
Bu
s S
to
p 
R
el
oc
at
io
n
y
O
n 
ar
te
ria
l s
tr
ee
ts,
 th
e 
sig
na
ls 
at
 a 
se
rie
s o
f i
nt
er
se
ct
io
ns
 ar
e 
tim
ed
 to
 tu
rn
 g
re
en
 as
 a 
pl
at
oo
n 
of
 v
eh
ic
le
s a
pp
ro
ac
h 
th
e 
in
te
rs
ec
tio
n.
 
y
Si
gn
al 
pr
og
re
ss
io
n 
fo
r g
en
er
al 
tr
af
fic
 m
ay
 w
or
k 
ag
ain
st 
bu
se
s.
y
Re
lo
ca
tin
g 
bu
s s
to
ps
 ca
n 
he
lp
 ac
hi
ev
e 
bu
ss
es
 b
et
te
r a
dv
an
ta
ge
 
of
 th
e 
ex
ist
in
g 
sig
na
l p
ro
gr
es
sio
n.
y
It 
sh
ou
ld
 b
e 
ke
pt
 in
 m
in
d 
th
at
 si
gn
al 
tim
in
g 
pa
tte
rn
s u
su
all
y 
ch
an
ge
 o
ve
r t
he
 co
ur
se
 o
f t
he
 d
ay
.
y
Th
e 
po
te
nt
ial
 im
pa
ct
 o
f r
el
oc
at
io
ns
 sh
ou
ld
 b
e 
ev
alu
at
ed
 fo
r 
pe
ak
 an
d 
of
f-p
ea
k 
pe
rio
ds
 p
rio
r t
o 
im
pl
em
en
ta
tio
n
Bu
s 
St
op
 P
la
ce
m
en
t
Bu
s S
to
p 
Co
ns
ol
id
at
io
n
y
M
in
im
izi
ng
 th
e 
nu
m
be
r o
f s
to
ps
 th
at
 b
us
es
 m
us
t m
ak
e 
w
ill
 im
pr
ov
e 
ov
er
all
 
bu
s s
pe
ed
s.
y
C
on
so
lid
at
in
g 
bu
s s
to
ps
 in
vo
lv
es
 tr
ad
e-
of
fs 
be
tw
ee
n 
th
e 
co
nv
en
ie
nc
e 
of
 th
e 
pa
ss
en
ge
rs
 u
sin
g 
a p
ar
tic
ul
ar
 st
op
, a
nd
 th
os
e 
pa
ss
en
ge
rs
 al
re
ad
y 
ab
oa
rd
 a 
bu
s 
w
ho
 ar
e 
de
lay
ed
 e
ac
h 
tim
e 
th
e 
bu
s s
to
ps
.
y
In
 h
ig
h 
pa
ss
en
ge
r v
ol
um
e 
co
rr
id
or
s, 
an
 al
te
rn
at
iv
e 
to
 e
lim
in
at
in
g 
sto
ps
 is
 
pr
ov
id
in
g 
pe
ak
-p
er
io
d 
or
 al
l-d
ay
 li
m
ite
d-
sto
p 
or
 e
xp
re
ss
 se
rv
ic
e 
in
 
co
nj
un
ct
io
n 
w
ith
 lo
ca
l s
er
vi
ce
 th
at
 se
rv
es
 al
l s
to
ps
. 
Fi
gu
re
: B
us
 S
to
p 
Sp
ac
in
g 
Pa
tte
rn
s
Bu
s 
St
op
pi
ng
 P
at
te
rn
s
Sk
ip
 S
to
p 
O
pe
ra
tio
n
y
Sp
re
ad
in
g 
ou
t s
to
ps
 am
on
g 
tw
o 
to
 fo
ur
 al
te
rn
at
in
g 
pa
tte
rn
s i
s 
kn
ow
n 
as
 sk
ip
 st
op
 o
pe
ra
tio
n.
 
y
Im
pr
ov
es
 b
us
 sp
ee
ds
 an
d 
ov
er
all
 fa
ci
lit
y 
bu
s c
ap
ac
ity
. 
Pl
at
oo
ni
ng
 
y
Se
t o
f b
us
se
s m
ov
in
g 
alo
ng
 a 
str
ee
t a
s a
 g
ro
up
y
Pa
ss
in
g 
ac
tiv
ity
 is
 m
in
im
ize
d.
y
H
ig
h 
ov
er
all
 sp
ee
ds
, m
or
e 
ef
fe
ct
iv
e 
us
e 
of
 b
us
 st
op
 lo
ad
in
g 
ar
ea
s, 
hi
gh
er
 ca
pa
ci
tie
s. 
y
Th
ey
 ca
n 
be
 fo
rm
ed
 th
ro
ug
h 
ca
re
fu
l s
ch
ed
ul
in
g 
an
d 
fie
ld
 
su
pe
rv
isi
on
.
Ro
ut
e 
D
es
ig
n
M
ov
em
en
t R
es
tr
ic
tio
n 
Ex
em
pt
io
ns
y
D
ue
 to
 le
ft 
tu
rn
 re
str
ic
tio
ns
, m
os
t d
ire
ct
 ro
ut
e 
fo
r b
us
 n
ot
 p
os
sib
le
y
Tr
af
fic
 ca
lm
in
g 
m
ea
su
re
s s
uc
h 
as
 tr
af
fic
 d
iv
er
te
rs
 m
ay
 cr
ea
te
 is
su
es
 fo
r 
co
m
m
un
ity
 b
us
 ro
ut
es
. 
Pa
rk
in
g 
Re
str
ic
tio
ns
y
Pa
rk
in
g 
re
str
ic
tio
ns
 ar
e 
re
qu
ire
d 
ne
ar
 cu
rb
sid
e 
sto
p 
to
 al
lo
w
 b
us
es
 to
 
pu
ll 
ou
t o
f t
he
 st
re
et
 an
d 
up
 to
 th
e 
cu
rb
 to
 lo
ad
 an
d 
un
lo
ad
 p
as
se
ng
er
s.
D
es
ig
n 
St
an
da
rd
s
y
D
es
ig
n 
sta
nd
ar
ds
 n
ee
de
d 
fo
r: 
m
ax
 an
d 
m
in
 b
us
 st
op
 sp
ac
in
g,
 ro
ut
e 
di
ve
rt
in
g 
cr
ite
ria
, e
tc
.,
Yi
el
d-
To
-B
us
 L
aw
s
y
So
m
e 
ag
en
ci
es
 h
av
e 
pa
ss
ed
 la
w
s -
M
ot
or
ist
s r
eq
ui
rin
g 
to
 y
ie
ld
 to
 b
us
es
 
sig
na
lin
g 
to
 re
en
te
r t
he
 st
re
et
 fr
om
 b
us
 st
op
. 
y
Fe
w
 o
f t
he
 ju
ris
di
ct
io
ns
 p
ra
ct
ice
s: 
Re
m
in
d 
th
e 
m
ot
or
ist
s o
f t
he
 la
w
 th
ro
ug
h 
sti
ck
er
s, 
fla
sh
in
g 
el
ec
tr
on
ic
 y
ie
ld
 si
gn
 m
ou
nt
ed
 o
n 
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ck
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f t
he
 b
us
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 o
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ra
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ac
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 b
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w
w
w.
tr
b.
or
g
by
 t
yp
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C
R
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16
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ea
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r b
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ea
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Se
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e T
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m
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ut
er
 b
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, B
RT
.
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St
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 P
at
te
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Al
l s
to
p,
 li
m
ite
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sto
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 e
xp
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O
pe
ra
tin
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En
vi
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en
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em
i-e
xc
lu
siv
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ex
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iv
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 g
ra
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pe
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te
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 C
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 c
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 b
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s c
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t l
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 b
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, b
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 m
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t D
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Bu
s S
to
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l t
im
e,
 d
w
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fa
ilu
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se
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er
 d
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ak
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ou
r f
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to
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on
 r
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at
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n 
re
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B
us
 st
op
 d
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ig
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ty
pe
, N
um
be
r o
f l
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di
ng
 ar
ea
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s f
ac
ili
ty
 ty
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, T
ra
ffi
c s
ig
na
l t
im
in
g,
 C
ur
b 
lan
e 
tr
af
fic
 v
ol
um
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 R
ig
ht
 tu
rn
in
g 
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af
fic
 v
ol
um
e 
an
d 
ca
pa
ci
ty,
 an
d 
pa
ra
lle
l p
ed
es
tr
ian
 cr
os
sin
g 
vo
lu
m
e)
y
Sk
ip
 S
to
p 
O
pe
ra
tio
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(N
um
be
r o
f s
to
ps
, b
us
 ar
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al 
pa
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m
, t
yp
ic
al,
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lat
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ne
d]
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ra
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ol
um
e 
an
d 
ca
pa
ci
ty
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f t
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en
t l
an
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t D
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s S
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 d
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 d
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s S
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re
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iti
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us
 st
op
 d
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ig
n 
ty
pe
, N
um
be
r o
f l
oa
di
ng
 ar
ea
s, 
B
us
 
fa
ci
lit
y 
ty
pe
, T
ra
ffi
c 
sig
na
l t
im
in
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C
ur
b 
lan
e 
tr
af
fic
 v
ol
um
e,
 R
ig
ht
 
tu
rn
in
g 
tr
af
fic
 v
ol
um
e 
an
d 
ca
pa
ci
ty,
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d 
pa
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lle
l p
ed
es
tr
ian
 cr
os
sin
g 
vo
lu
m
e)
y
Sk
ip
 S
to
p 
O
pe
ra
tio
n 
(N
um
be
r o
f 
sto
ps
, b
us
 ar
riv
al 
pa
tte
rn
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an
do
m
, 
ty
pi
ca
l, 
pl
at
oo
ne
d]
, t
ra
ffi
c 
vo
lu
m
e 
an
d 
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ty
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t l
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n 
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s S
to
p 
Fa
ilu
re
 R
at
e
y
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s c
ap
ac
ity
 an
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or
at
es
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e 
co
nc
ep
t o
f a
 fa
ilu
re 
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te 
th
at
 se
ts 
ho
w
 o
fte
n 
a b
us
 sh
ou
ld
 ar
riv
e 
at
 a 
sto
p 
on
ly
 to
 fi
nd
 
all
 lo
ad
in
g 
ar
ea
s o
cc
up
ie
d.
y
Th
e 
se
le
ct
io
n 
of
 a 
de
sig
n 
fa
ilu
re
 ra
te
 se
ts 
th
e 
bu
s s
to
p'
s d
esi
gn
 
ca
pa
cit
y
y
D
es
ig
n 
Fa
ilu
re
 R
at
es
: D
ow
nt
ow
n 
ar
ea
s (
7.
5 
to
 1
5%
), 
O
ut
sid
e 
do
w
nt
ow
n 
ar
ea
s 2
.5
%
 is
 re
co
m
m
en
de
d 
ho
w
ev
er
 u
p 
to
 7
.5
%
 ca
n 
be
 ac
ce
pt
ed
. 
y
D
es
ig
n 
ca
pa
ci
ty
 is
 m
ax
im
ize
d 
at
 2
5%
 fa
ilu
re
 ra
te
 an
d 
te
rm
ed
 
‘m
ax
im
um
 c
ap
ac
it
y’
.
O
pe
ra
tin
g 
M
ar
gi
n:
y
Th
e 
m
ax
im
um
 am
ou
nt
 o
f t
im
e 
th
at
 an
 in
di
vi
du
al 
bu
s d
w
el
l 
tim
e 
ca
n 
ex
ce
ed
 th
e 
av
er
ag
e 
dw
el
l t
im
e 
w
ith
ou
t c
re
at
in
g 
th
e 
lik
el
ih
oo
d 
of
 a 
bu
s s
to
p 
fa
ilu
re
, w
he
n 
th
e 
nu
m
be
r o
f b
us
es
 
sc
he
du
le
d 
to
 u
se
 th
e 
sto
p 
ap
pr
oa
ch
es
 th
e 
sto
p'
s c
ap
ac
ity
. 
y
If 
a s
er
ie
s o
f d
w
el
l t
im
e 
ob
se
rv
at
io
ns
 w
er
e 
to
 b
e 
pl
ot
te
d,
 th
ey
 w
ou
ld
 fo
rm
 a 
no
rm
al 
di
str
ib
ut
io
n
y
Th
e 
ar
ea
 u
nd
er
 an
d 
to
 th
e 
rig
ht
 o
f a
 g
iv
en
 p
oi
nt
 Z
 o
n 
a n
or
m
al 
di
str
ib
ut
io
n 
cu
rv
e 
re
pr
es
en
ts 
th
e 
pr
ob
ab
ili
ty
 
th
at
 an
y 
gi
ve
n 
bu
s's
 d
w
el
l t
im
e 
w
ill
 b
e 
lo
ng
er
 th
an
 
th
at
 am
ou
nt
.
Ex
am
pl
e: 
If 
de
sir
ed
 fa
ilu
re 
ra
te 
is 
10
%
, t
he
n 
it 
me
an
s t
ha
t t
he
re 
is 
a 
90
%
 p
ro
ba
bi
lit
y t
ha
t a
ny
 g
ive
n 
dw
ell
 ti
me
 w
ill
 n
ot
 ca
us
e 
in
ter
fer
en
ce
 w
ith
 th
e f
ol
low
in
g 
bu
s. T
he
ref
or
e f
ro
m 
cu
mu
la
tiv
e 
pr
ob
ab
ili
ty
 cu
rve
, Z
=
1.
28
.
y
C v
=
 co
ef
fic
ie
nt
 o
f v
ar
iat
io
n 
of
 d
w
el
l t
im
es
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D
w
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D
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m
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re
e 
m
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at
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 D
we
ll 
Ti
m
e
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D
et
er
m
in
e 
th
e 
av
er
ag
e 
pa
ss
en
ge
r b
oa
rd
in
g 
an
d 
ali
gh
tin
g 
vo
lu
m
es
 p
er
 
bu
s
y
D
et
er
m
in
e 
th
e 
m
ix
 o
f f
ar
e 
pa
ym
en
t m
et
ho
ds
y
As
sig
n 
bo
ar
di
ng
 v
ol
um
es
 b
y 
bu
s d
oo
r c
ha
nn
el
 (d
et
ail
s o
n 
ne
xt
 sl
id
e)
y
As
sig
n 
ali
gh
tin
g 
vo
lu
m
es
 b
y 
bu
s d
oo
r c
ha
nn
el
 an
d 
ad
ju
st 
bo
ar
di
ng
 
vo
lu
m
es
 if
 n
ec
es
sa
ry
 (d
et
ail
s o
n 
ne
xt
 sl
id
es
)
y
D
et
er
m
in
e 
av
er
ag
e 
pa
ss
en
ge
r s
er
vi
ce
 ti
m
es
 fo
r e
ac
h 
bu
s d
oo
r c
ha
nn
el
 
an
d 
m
ov
em
en
t (
de
ta
ils
 o
n 
ne
xt
 sl
id
e)
y
D
et
er
m
in
e 
pa
ss
en
ge
r f
lo
w
 ti
m
e 
fo
r e
ac
h 
bu
s d
oo
r c
ha
nn
el
y
D
et
er
m
in
e 
th
e 
bo
ar
di
ng
 lo
st 
tim
e
y
C
alc
ul
at
e 
th
e 
dw
el
l t
im
e
As
si
gn
 b
oa
rd
in
g 
vo
lu
m
es
 b
y 
bu
s d
oo
r c
ha
nn
el
y
Si
ng
le-
ch
an
ne
l b
oa
rd
in
g, 
al
l f
ar
es 
pa
id
 or
 in
sp
ec
ted
 u
po
n 
bo
ar
di
ng
. A
ss
ig
n 
all
 
bo
ar
di
ng
 v
ol
um
e 
to
 th
e 
fro
nt
 d
oo
r.
y
Do
ub
le-
ch
an
ne
l b
oa
rd
in
g, 
al
l f
ar
es 
pa
id
 or
 in
sp
ec
ted
 u
po
n 
bo
ar
di
ng
. S
pl
it 
th
e 
bo
ar
di
ng
 v
ol
um
e 
in
to
 (a
) t
ho
se
 w
ho
 n
ee
d 
to
 in
te
ra
ct
 w
ith
 a 
fa
re
bo
x
an
d 
(b
) t
ho
se
 w
ho
 ju
st 
ne
ed
 a 
vi
su
al 
in
sp
ec
tio
n 
of
 th
ei
r f
ar
e 
m
ed
ia 
(e
.g
., 
fla
sh
 
pa
ss
, p
ap
er
 tr
an
sfe
r, 
m
ob
ile
 p
ho
ne
). 
As
sig
n 
sm
ar
t c
ar
d 
us
er
s, 
if 
an
y, 
to
 
th
e 
ch
an
ne
l( 
s)
 e
qu
ip
pe
d 
w
ith
 sm
ar
t c
ar
d 
te
rm
in
als
.
y
Al
l-d
oo
r b
oa
rd
in
g 
,fr
ee
 or
 p
re-
pa
id
 fa
res
. U
se
 E
xh
ib
it 
6-
58
 (b
el
ow
 ta
bl
e)
 to
 
de
te
rm
in
e 
th
e 
bo
ar
di
ng
 v
ol
um
e 
th
ro
ug
h 
th
e 
bu
sie
st 
do
or
 c
ha
nn
el
.
As
si
gn
 a
lig
ht
in
g 
vo
lu
m
es
 b
y 
bu
s d
oo
r c
ha
nn
el
 a
nd
 a
dj
us
t b
oa
rd
in
g 
vo
lu
m
es
 if
 n
ec
es
sa
ry
y
Si
ng
le-
ch
an
ne
l b
oa
rd
in
g, 
al
l f
ar
es 
pa
id
 or
 in
sp
ec
ted
 u
po
n 
bo
ar
di
ng
. I
n 
th
e 
ab
se
nc
e 
of
 lo
ca
l i
nf
or
m
at
io
n,
 it
 ca
n 
be
 as
su
m
ed
 th
at
 2
5%
 o
f a
lig
ht
in
gs
oc
cu
r 
th
ro
ug
h 
th
e 
fro
nt
 d
oo
r a
nd
 th
at
 th
e 
re
m
ain
de
r o
cc
ur
 v
ia 
th
e 
re
ar
 d
oo
r
y
Do
ub
le-
ch
an
ne
l b
oa
rd
in
g, 
al
l f
ar
es 
pa
id
 or
 in
sp
ec
ted
 u
po
n 
bo
ar
di
ng
. I
n 
th
e 
ab
se
nc
e 
of
 lo
ca
l i
nf
or
m
at
io
n,
 it
 c
an
 b
e 
as
su
m
ed
 th
at
 2
5%
 o
f a
lig
ht
in
gs
oc
cu
r t
hr
ou
gh
 th
e 
no
n-
fa
re
bo
x
fro
nt
 d
oo
r c
ha
nn
el
 an
d 
th
at
 th
e 
re
m
ain
de
r 
oc
cu
r v
ia 
th
e 
re
ar
 d
oo
r(
 s 
).
y
Al
l-d
oo
r b
oa
rd
in
g, 
fre
e o
r p
re-
pa
id
 fa
res
. U
se
 E
xh
ib
it 
6-
58
 to
 d
et
er
m
in
e 
th
e 
ali
gh
tin
g 
vo
lu
m
e 
th
ro
ug
h 
th
e 
bu
sie
st 
do
or
 c
ha
nn
el
.
y
Pa
y-
on
-e
xit
. A
ss
ig
n 
all
 al
ig
ht
in
g 
vo
lu
m
e 
to
 th
e 
fro
nt
 d
oo
r a
nd
 as
su
m
e 
on
ly
 a 
sin
gl
e 
pa
ss
en
ge
r c
an
 al
ig
ht
 at
 a 
tim
e,
 e
ve
n 
if 
tw
o 
do
or
 c
ha
nn
el
s a
re
 
av
ail
ab
le
, u
nl
es
s (
a)
 th
e 
bu
s i
nt
er
io
r p
ro
vi
de
s e
no
ug
h 
ci
rc
ul
at
io
n 
sp
ac
e 
fo
r 
tw
o 
pa
ss
en
ge
rs
 to
 w
alk
 si
de
-b
y-
sid
e 
an
d 
(b
) m
os
t f
ar
es
 ju
st 
ne
ed
 to
 b
e 
vi
su
all
y 
in
sp
ec
te
d.
D
et
er
m
in
e 
av
er
ag
e p
as
se
ng
er
 se
rv
ic
e t
im
es
 fo
r e
ac
h 
bu
s d
oo
r 
ch
an
ne
l a
nd
 m
ov
em
en
t. 
y
In
 th
e 
ab
se
nc
e 
of
 lo
ca
l i
nf
or
m
at
io
n,
 u
se
 E
xh
ib
it 
6-
4 
(p
ag
e 
6-
7)
 to
 
de
te
rm
in
e 
ap
pr
op
ria
te
 b
oa
rd
in
g 
an
d 
ali
gh
tin
g 
se
rv
ic
e 
tim
es
 fo
r t
he
 
co
nd
iti
on
s e
xi
sti
ng
 at
 e
ac
h 
do
or
 c
ha
nn
el
.
Th
e b
as
e v
al
ue
s g
ive
n 
in
 E
xh
ib
it 
6-
4 
ar
e f
or
 le
ve
l (
e.g
., 
bo
ar
di
ng
 fr
om
 th
e c
ur
b o
nt
o a
 lo
w-
flo
or
 bu
s, 
bo
ar
di
ng
 fr
om
 a
 
hi
gh
-le
ve
l p
la
tfo
rm
 on
to
 a
 h
ig
h-
flo
or
 bu
s)
bo
ar
di
ng
 w
ith
 n
o s
ta
nd
ee
s o
n 
th
e b
us
 a
nd
 sh
ou
ld
 be
 a
dj
us
ted
 a
s s
ho
wn
 in
 
th
e e
xh
ib
it 
no
tes
 to
 re
fle
ct 
no
n-
lev
el 
bo
ar
di
ng
 co
nd
iti
on
s a
nd
 st
an
de
es,
 if
 p
res
en
t.
D
et
er
m
in
e 
pa
ss
en
ge
r f
lo
w
 ti
m
e 
fo
r e
ac
h 
bu
s d
oo
r c
ha
nn
el
:
y
Fo
r a
 g
iv
en
 d
oo
r c
ha
nn
el
 i,
 th
e 
pa
ss
en
ge
r f
lo
w
 ti
m
e 
is
D
et
er
m
in
e 
th
e 
bo
ar
di
ng
 lo
st
 ti
m
e: 
y
If 
a b
us
 st
op
 o
nl
y 
co
ns
ist
s o
f o
ne
 lo
ad
in
g 
ar
ea
, b
oa
rd
in
g 
lo
st 
tim
e 
is 
ze
ro
. F
ro
m
 re
se
ar
ch
 (1
), 
av
er
ag
e 
bo
ar
di
ng
 lo
st 
tim
e 
fo
r t
hr
ee
 
lo
ad
in
g 
ar
ea
s i
s 4
 s 
fo
r m
or
e 
cr
ow
de
d 
w
ait
in
g 
co
nd
iti
on
s a
nd
 4
.5
 s 
fo
r l
es
s c
ro
w
de
d 
w
ait
in
g 
co
nd
iti
on
s.
Ca
lcu
la
te 
th
e d
we
ll 
tim
e.
y
Th
e 
dw
el
l t
im
e 
is 
th
e 
tim
e 
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qu
ire
d 
to
 se
rv
e 
pa
ss
en
ge
rs
 at
 th
e 
bu
sie
st 
do
or
, p
lu
s t
he
 ti
m
e 
re
qu
ire
d 
to
 o
pe
n 
an
d 
cl
os
e 
th
e 
do
or
s, 
pl
us
 an
y 
bo
ar
di
ng
 lo
st 
tim
e:
D
we
ll 
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m
e V
ar
ia
bi
lit
y
y
Th
e 
co
ef
fic
ie
nt
 o
f v
ar
iat
io
n 
of
 d
w
el
l t
im
es
 (c
v),
 th
e 
sta
nd
ar
d 
de
vi
at
io
n 
of
 d
w
el
l t
im
es
 d
iv
id
ed
 b
y 
th
e 
av
er
ag
e 
(m
ea
n)
 d
w
el
l 
tim
e,
 is
 u
se
d 
to
 m
ea
su
re
 d
w
el
l t
im
e 
va
ria
bi
lit
y
y
C
v
ty
pi
ca
lly
 ra
ng
es
 fr
om
 0
.4
 to
 0
.8
, w
ith
 0
.6
 re
co
m
m
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de
d 
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 an
 
ap
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te
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e 
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e 
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d 
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ta
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Th
e 
fo
ur
 fa
ct
or
s i
nf
lu
en
ce
 lo
ad
in
g 
ar
ea
 ca
pa
cit
y 
as
 fo
llo
w
s:
y
Th
e 
su
m
 o
f d
w
el
l t
im
e 
an
d 
cl
ea
ra
nc
e 
tim
e 
eq
ua
ls 
th
e 
av
er
ag
e 
tim
e 
a g
iv
en
 b
us
 o
cc
up
ie
s a
 lo
ad
in
g 
ar
ea
.
y
Th
e 
op
er
at
in
g 
m
ar
gi
n 
ac
co
un
ts 
fo
r l
on
ge
r-
th
an
-a
ve
ra
ge
 d
w
el
ls 
to
 
en
su
re
 th
at
 m
os
t b
us
es
 w
ill
 b
e 
ab
le
 to
 im
m
ed
iat
el
y 
us
e 
th
e 
lo
ad
in
g 
ar
ea
 u
po
n 
ar
riv
in
g.
y
Th
e 
su
m
 o
f d
w
el
l t
im
e,
 c
le
ar
an
ce
 ti
m
e,
 an
d 
op
er
at
in
g 
m
ar
gi
n 
gi
ve
s 
th
e 
m
in
im
um
 h
ea
dw
ay
 b
et
w
ee
n 
bu
se
s n
ee
de
d 
to
 li
m
it 
bu
s s
to
p 
fa
ilu
re
 to
 th
e 
de
sig
n 
le
ve
l, 
fo
r a
 b
us
 st
op
 c
on
sis
tin
g 
of
 o
ne
 lo
ad
in
g 
ar
ea
. 
y
D
iv
id
in
g 
th
is 
he
ad
w
ay
 in
to
 3
,6
00
 s/
h 
pr
od
uc
es
 th
e 
lo
ad
in
g 
ar
ea
 
ca
pa
cit
y, 
th
e 
nu
m
be
r o
f b
us
es
 p
er
 h
ou
r t
ha
t c
an
 u
se
 a 
sin
gl
e 
lo
ad
in
g 
ar
ea
 at
 a 
bu
s s
to
p 
at
 th
e 
de
sig
n 
fa
ilu
re
 ra
te
.
W
he
n 
th
e 
lo
ad
in
g 
ar
ea
 is
 lo
ca
te
d 
at
 a 
tr
af
fic
 si
gn
al,
 b
us
es
 m
ay
 n
ot
 b
e 
ab
le
 to
 le
av
e 
th
e 
lo
ad
in
g 
ar
ea
 im
m
ed
iat
el
y 
af
te
r s
er
vi
ng
 p
as
se
ng
er
s (
at
 n
ea
r-
sid
e 
sto
ps
), 
or
 e
nt
er
 it
 
im
m
ed
iat
el
y 
(a
t f
ar
-s
id
e 
sto
ps
). 
Th
is 
re
qu
ire
s a
 fe
w
 e
xt
ra
 c
on
sid
er
at
io
ns
:
y
Th
e 
po
rt
io
n 
of
 ti
m
e 
th
at
 th
e 
tr
af
fic
 si
gn
al 
pe
rm
its
 b
us
 m
ov
em
en
t i
s g
iv
en
 b
y 
th
e 
g/
C 
ra
tio
, t
he
 ra
tio
 o
f t
he
 ti
m
e 
th
e 
sig
na
l i
s e
ffe
ct
iv
el
y 
gr
ee
n 
fo
r b
us
es
 to
 th
e 
ov
er
all
 le
ng
th
 o
f t
he
 tr
af
fic
 si
gn
al 
cy
cl
e.
 M
ul
tip
ly
in
g 
th
e 
g/
C 
ra
tio
 b
y 
3,
60
0 
gi
ve
s 
th
e 
nu
m
be
r o
f s
ec
on
ds
 in
 an
 h
ou
r t
ha
t b
us
es
 ar
e 
fre
e 
to
 e
nt
er
 o
r l
ea
ve
 th
e 
sto
p.
St
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m
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e 
B
us
 S
to
p 
C
ap
ac
it
y
y
A 
bu
s s
to
p'
s c
ap
ac
ity
 d
ep
en
ds
 o
n 
th
e 
ca
pa
ci
tie
s o
f t
he
 b
us
 st
op
's 
in
di
vi
du
al 
lo
ad
in
g 
ar
ea
s (
de
te
rm
in
ed
 in
 S
te
p 
5)
, t
he
 n
um
be
r o
f 
lo
ad
in
g 
ar
ea
s p
ro
vi
de
d,
 th
e 
de
sig
n 
of
 th
os
e 
lo
ad
in
g 
ar
ea
s, 
an
d 
th
e 
bu
s 
sto
p'
s p
os
iti
on
 re
lat
iv
e 
to
 th
e 
ro
ad
w
ay
. 
y
It 
is 
als
o 
de
pe
nd
en
t o
n 
tr
af
fic
 c
on
ge
sti
on
 th
at
 in
te
rfe
re
s w
ith
 a 
bu
s's
 
ac
ce
ss
 to
 th
e 
sto
p 
an
d 
on
 b
us
 st
op
pi
ng
 p
at
te
rn
s.
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ve
 L
oa
di
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rea
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St
ep
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Ad
ju
st 
Ca
pa
cit
y f
or
 Tr
af
fic
 B
lo
ck
ag
e a
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ffi
c S
ig
na
ls
3.
St
ep
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c: 
Ca
lcu
la
te 
Bu
s S
to
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Ca
pa
cit
y
St
ep
 6
a:
 D
et
er
m
in
e 
th
e 
N
um
be
r o
f E
ffe
ct
iv
e 
Lo
ad
in
g 
Ar
ea
s
y
Th
e 
m
or
e 
lo
ad
in
g 
ar
ea
s (
lin
ea
r)
 th
at
 ar
e 
ad
de
d,
 th
e 
m
or
e 
lik
el
y 
th
at
 so
m
e 
of
 th
em
 w
ill
 b
e 
in
ac
ce
ss
ib
le
 at
 a 
gi
ve
n 
po
in
t i
n 
tim
e.
 T
he
 
co
nc
ep
t o
f e
ffe
cti
ve
 lo
ad
in
g 
ar
ea
s i
s u
se
d 
to
 d
es
cr
ib
e 
th
is 
ef
fe
ct
, 
w
he
re
 th
e 
se
co
nd
 li
ne
ar
 lo
ad
in
g 
ar
ea
 p
ro
vi
de
s l
es
s c
ap
ac
ity
 th
an
 
th
e 
fir
st,
 th
e 
th
ird
 ad
ds
 e
ve
n 
le
ss
, a
nd
 so
 o
n.
y
N
on
-li
ne
ar
 lo
ad
in
g 
ar
ea
s a
re
 1
00
%
 
ef
fic
ie
nt
-th
e 
nu
m
be
r o
f e
ffe
ct
iv
e 
lo
ad
in
g 
ar
ea
s e
qu
als
 th
e 
nu
m
be
r o
f p
hy
sic
al 
lo
ad
in
g 
ar
ea
s.
y
Ef
fe
ct
iv
e 
Lo
ad
in
g A
re
as
 fo
r L
in
ea
r L
oa
di
ng
 
Ar
ea
s: 
St
ep
 6
b:
 A
dj
us
t C
ap
ac
ity
 fo
r T
ra
ffi
c B
lo
ck
ag
e a
t T
ra
ffi
c S
ig
na
ls
y
Ve
hi
cl
es
 tu
rn
in
g 
fro
m
 th
e 
bu
s l
an
e 
(o
r a
cr
os
s t
he
 b
us
 p
at
h,
 at
 o
ff-
lin
e 
sto
ps
) m
ay
 u
se
 u
p 
sig
na
l g
re
en
 ti
m
e 
th
at
 w
ou
ld
 o
th
er
w
ise
 h
av
e 
be
en
 av
ail
ab
le
 fo
r b
us
 m
ov
em
en
t a
s t
he
se
 v
eh
ic
le
s w
ait
 fo
r 
co
nf
lic
tin
g 
ve
hi
cl
es
 an
d 
pe
de
str
ian
s t
o 
cl
ea
r b
ef
or
e 
th
ey
 ca
n 
co
m
pl
et
e 
th
ei
r t
ur
n.
y
Th
e 
im
pa
ct
 o
n 
bu
s s
to
p 
ca
pa
ci
ty
 d
ep
en
ds
 o
n 
(a
) t
he
 m
ov
em
en
t's
 
tr
af
fic
 v
ol
um
e 
re
lat
iv
e 
to
 it
s c
ap
ac
ity
, (
b)
 th
e 
bu
s s
to
p 
lo
ca
tio
n 
(e
.g
., 
ne
ar
 si
de
, f
ar
 si
de
), 
an
d 
(c
) t
he
 ab
ili
ty
 o
r i
na
bi
lit
y 
of
 b
us
es
 to
 
m
ov
e 
ar
ou
nd
 tu
rn
in
g 
ve
hi
cl
es
.
y
Th
e 
ef
fe
ct
s o
f t
ra
ffi
c 
bl
oc
ka
ge
 re
du
ce
 b
us
 ca
pa
cit
y 
in
 p
ro
po
rt
io
n 
to
 th
e 
fo
llo
w
in
g 
ad
ju
stm
en
t f
ac
to
r f
tb
y
Va
lu
e 
of
 f 1
:
y
C
cl
??
y
Th
e 
cu
rb
 la
ne
 ca
pa
cit
y 
C
cl
, i
n 
ve
hi
cl
es
 p
er
 h
ou
r, 
is 
th
e 
av
er
ag
e 
of
 th
e 
th
ro
ug
h 
(C
th
) a
nd
 ri
gh
t-t
ur
n 
(C
rt
) c
ap
ac
iti
es
, w
ei
gh
te
d 
by
 th
ei
r 
re
sp
ec
tiv
e 
vo
lu
m
es
.
y
Th
e 
ca
pa
cit
y 
of
 th
ro
ug
h 
m
ov
em
en
ts 
in
 th
e 
cu
rb
 la
ne
 C
th
(in
 v
eh
ic
le
s 
pe
r h
ou
r)
 is
 th
e 
lan
e's
 sa
tu
ra
tio
n 
flo
w
 ra
te
 ti
m
es
 th
e 
g/
C 
ra
tio
. T
he
 
sa
tu
ra
tio
n 
flo
w
 ra
te
 ca
n 
be
 c
alc
ul
at
ed
 fr
om
 E
xh
ib
it 
6-
60
. 
y
C
ap
ac
ity
 o
f r
ig
ht
-tu
rn
 m
ov
em
en
ts 
C r
t
ba
se
d 
on
 ra
ng
es
 o
f c
on
fli
ct
in
g 
pe
de
str
ian
 v
ol
um
es
 an
d 
th
e 
pr
op
or
tio
n 
of
 e
ffe
ct
iv
e 
gr
ee
n 
tim
e 
av
ail
ab
le
 fo
r t
ra
ffi
c.
St
ep
 6
c: 
Ca
lc
ul
at
e B
us
 S
to
p 
Ca
pa
ci
ty
y
Bu
s s
to
p 
ca
pa
ci
ty
 is
 th
e 
ca
pa
ci
ty
 o
f a
 si
ng
le
 lo
ad
in
g 
ar
ea
 
m
ul
tip
lie
d 
by
 th
e 
nu
m
be
r o
f e
ffe
ct
iv
e 
lo
ad
in
g 
ar
ea
s a
nd
 th
e 
tr
af
fic
 b
lo
ck
ag
e 
ad
ju
stm
en
t f
ac
to
r:
y
B s
is 
th
e 
bu
s s
to
p 
ca
pa
ci
ty
 (b
us
/h
), 
N
 el
is 
th
e 
nu
m
be
r o
f 
ef
fe
ct
iv
e 
lo
ad
in
g 
ar
ea
s a
t t
he
 b
us
 st
op
, a
nd
 al
l o
th
er
 v
ar
iab
le
s 
as
 d
ef
in
ed
 p
re
vi
ou
sly
.
St
ep
 7
: D
et
er
m
in
e 
Fa
ci
lit
y 
B
us
 C
ap
ac
it
y
y
Bu
s f
ac
ili
ty
 c
ap
ac
ity
 is
 g
re
at
ly
 d
ep
en
de
nt
 o
n 
th
e 
ex
cl
us
iv
ity
 o
f t
he
 fa
ci
lit
y-
th
e 
le
ss
 in
te
rfe
re
nc
e 
th
at
 b
us
es
 h
av
e 
fro
m
 o
th
er
 tr
af
fic
, t
he
 g
re
at
er
 th
e 
ca
pa
ci
ty.
 
y
W
he
n 
th
e 
m
ajo
rit
y 
of
 b
us
es
 m
ak
e 
no
 st
op
s a
lo
ng
 a 
fa
ci
lit
y 
(e
.g
., 
ex
pr
es
s 
se
rv
ic
es
 to
 d
ow
nt
ow
n)
, a
nd
 p
as
sin
g 
lan
es
 ar
e 
pr
ov
id
ed
 at
 an
y 
sto
ps
 th
at
 d
o 
ex
ist
, a
 b
us
 fa
ci
lit
y 
ac
ts 
lik
e 
a p
ip
e 
th
at
 ca
n 
se
rv
e 
hu
nd
re
ds
 o
f b
us
es
 p
er
 
ho
ur
.
y
M
or
e 
ty
pi
ca
lly
, e
ve
n 
w
he
n 
di
ffe
re
nt
 se
rv
ic
e 
ty
pe
s (
e.
g.
, l
oc
al,
 li
m
ite
d 
sto
p)
 
ar
e 
op
er
at
ed
 al
on
g 
a f
ac
ili
ty,
 th
er
e 
w
ill
 b
e 
co
m
m
on
 st
op
s (
or
 g
ro
up
s o
f 
sto
ps
, w
ith
 sk
ip
-s
to
p 
op
er
at
io
n)
 se
rv
ed
 b
y 
all
 b
us
es
 u
sin
g 
th
e 
fa
ci
lit
y. 
In
 th
is 
ca
se
, t
he
 fa
ci
lit
y 
ca
pa
ci
ty
 w
ill
 b
e 
co
ns
tr
ain
ed
 b
y 
th
e 
ca
pa
ci
ty
 o
f t
he
 cr
iti
ca
l 
bu
s s
to
p 
-th
e
bu
s s
to
p 
(o
r g
ro
up
 o
f s
to
ps
) u
se
d 
by
 al
l b
us
es
 th
at
 h
as
 th
e 
lo
w
es
t c
ap
ac
ity
. 
St
ep
 7
a: 
N
on
-s
to
p 
Fa
ci
lit
y C
ap
ac
ity
y
N
on
-s
to
p 
fa
ci
lit
ie
s i
nc
lu
de
 fr
ee
w
ay
 m
an
ag
ed
 la
ne
s a
nd
 b
us
w
ay
s 
w
he
re
 p
as
sin
g 
lan
es
 ar
e 
pr
ov
id
ed
 at
 st
at
io
ns
. 
y
D
et
er
m
in
in
g 
th
e 
nu
m
be
r o
f b
us
es
 th
at
 ca
n 
be
 o
pe
ra
te
d 
alo
ng
 th
es
e 
fa
ci
lit
ie
s r
eq
ui
re
s e
xa
m
in
in
g 
bo
th
 th
e 
fa
ci
lit
y 
its
el
f a
nd
 th
e 
fa
ci
lit
ie
s 
an
d 
te
rm
in
als
 se
rv
in
g 
it 
fo
r t
he
 co
ns
tr
ain
in
g 
lo
ca
tio
n.
St
ep
 7
b:
 F
ac
ili
ty
 C
ap
ac
ity
 w
ith
ou
t S
ki
p-
St
op
 O
pe
ra
tio
n 
y
Th
e 
fa
cil
ity
 c
ap
ac
ity
 is
 e
qu
al 
to
 th
e 
ca
pa
ci
ty
 o
f t
he
 cr
iti
ca
l s
to
p 
alo
ng
 
th
e 
fa
ci
lit
y. 
y
W
he
n 
all
 b
us
es
 u
sin
g 
th
e 
fa
ci
lit
y 
sto
p 
at
 al
l s
to
ps
, t
he
 cr
iti
ca
l s
to
p 
is 
th
e 
bu
s s
to
p 
w
ith
 th
e 
lo
w
es
t c
ap
ac
ity
. 
y
W
he
n 
a m
ix
 o
f s
er
vi
ce
 ty
pe
s (
e.
g.
, l
oc
al 
an
d 
lim
ite
d 
sto
p)
 u
se
s t
he
 
fa
ci
lit
y, 
th
e 
cr
iti
ca
l s
to
p 
w
ill
 b
e 
th
e 
bu
s s
to
p 
us
ed
 b
y 
all
 se
rv
ic
e 
ty
pe
s 
th
at
 h
as
 th
e 
lo
w
es
t c
ap
ac
ity
St
ep
 7
c: 
Fa
ci
lit
y C
ap
ac
ity
 w
ith
 S
ki
p-
St
op
 O
pe
ra
tio
n
y
W
he
n 
sk
ip
-s
to
p 
op
er
at
io
n 
is 
us
ed
, t
he
 b
us
 fa
ci
lit
y 
ca
pa
cit
y 
is 
eq
ua
l t
o 
th
e 
su
m
 o
f t
he
 ca
pa
ci
tie
s o
f t
he
 cr
iti
ca
l b
us
 st
op
s o
f e
ac
h 
sk
ip
-s
to
p 
gr
ou
p,
 m
ul
tip
lie
d 
by
 an
 ad
ju
stm
en
t f
ac
to
r f
k
re
fle
ct
in
g 
in
ef
fic
ie
nt
 
ar
riv
al 
pa
tte
rn
s a
nd
 th
e 
ef
fe
ct
s o
f h
ig
h 
ve
hi
cu
lar
 tr
af
fic
 v
ol
um
es
 in
 th
e 
ad
jac
en
t l
an
e
A 
pl
an
ni
ng
-le
ve
l e
sti
m
at
e 
of
 th
e 
ad
jac
en
t l
an
e 
ca
pa
ci
ty
 ca
n 
be
 m
ad
e 
by
 m
ul
tip
ly
in
g
th
e 
ty
pi
ca
l d
ow
nt
ow
n 
lan
e 
ve
hi
cl
e 
sa
tu
ra
tio
n 
flo
w
 ra
te
 o
f 1
,7
 5
0 
ve
hi
cl
es
 p
er
 la
ne
 p
er
ho
ur
 o
f g
re
en
 b
y 
th
e 
g 
/C
 ra
tio
 o
f t
he
 b
us
 la
ne
. O
ut
sid
e 
th
e 
do
w
nt
ow
n 
ar
ea
, a
 sa
tu
ra
tio
n
flo
w
 ra
te
 o
f 1
,6
00
 v
eh
ic
le
s p
er
 la
ne
 p
er
 h
ou
r o
f g
re
en
 m
ay
 b
e 
us
ed
. 
y
Va
lu
es
 o
f t
he
 ad
ju
stm
en
t f
ac
to
r f
k
fo
r v
ar
io
us
 la
ne
 ty
pe
s, 
bu
s a
rr
iv
al 
ty
pe
s, 
an
d 
bu
s s
to
pp
in
g 
pa
tte
rn
s. 
y
St
ep
 8
: D
et
er
m
in
e 
Fa
ci
lit
y 
Pe
rs
on
 C
ap
ac
it
y
y
Th
e 
fin
al 
ste
p 
is 
to
 d
et
er
m
in
e 
ho
w
 m
an
y 
pe
rs
on
s c
an
 b
e 
se
rv
ed
 b
y 
th
e 
bu
s f
ac
ili
ty
 o
ve
r t
he
 co
ur
se
 o
f a
n 
ho
ur
. 
y
Pe
rs
on
 ca
pa
cit
y 
is 
in
flu
en
ce
d 
by
 th
e 
fo
llo
w
in
g:
1.
Th
e 
fa
ci
lit
y's
 b
us
 ca
pa
ci
ty,
2.
Tr
an
sit
 ag
en
cy
 p
ol
ic
y 
re
ga
rd
in
g 
pa
ss
en
ge
r l
oa
ds
,
3.
Sc
he
du
le
d 
he
ad
w
ay
s, 
an
d
4.
Pa
ss
en
ge
r d
em
an
d 
di
ve
rs
ity
.
Sc
he
du
le
d 
Pe
rs
on
 C
ap
ac
ity
y
Sc
he
du
le
d 
pe
rs
on
 ca
pa
cit
y 
re
fle
ct
s t
he
 n
um
be
r o
f p
as
se
ng
er
s t
ha
t 
ca
n 
be
 ca
rr
ie
d 
th
ro
ug
h 
th
e 
fa
ci
lit
y's
 m
ax
im
um
 lo
ad
 se
ct
io
n,
 g
iv
en
 
th
e 
ex
ist
in
g 
sc
he
du
le
 an
d 
bu
s m
od
el
(s
) u
se
d.
 
y
If 
a t
ra
ns
it 
ag
en
cy
's 
po
lic
y 
is 
th
at
 p
as
se
ng
er
 lo
ad
in
g 
sh
ou
ld
 n
ot
 
ex
ce
ed
 P
ma
x
pa
ss
en
ge
rs
 p
er
 b
us
 m
od
el
 on
 av
era
ge
 d
ur
in
g 
an
 h
ou
r, 
sc
he
du
le
d 
pe
rs
on
 ca
pa
cit
y 
is 
ca
lc
ul
at
ed
 as
 fo
llo
w
s:
y
If 
a t
ra
ns
it 
ag
en
cy
's 
po
lic
y 
is 
th
at
 p
as
se
ng
er
 lo
ad
in
g 
sh
ou
ld
 n
ot
 
reg
ul
ar
ly 
ex
ce
ed
 P
ma
x p
as
se
ng
er
s p
er
 b
us
 m
od
el
 d
ur
in
g 
an
 
ho
ur
, s
ch
ed
ul
ed
 p
er
so
n 
ca
pa
ci
ty
 is
 ca
lc
ul
at
ed
 as
 fo
llo
w
s:
D
es
ig
n 
Pe
rs
on
 C
ap
ac
ity
y
D
es
ig
n 
pe
rs
on
 ca
pa
cit
y 
is 
th
e 
nu
m
be
r o
f p
eo
pl
e 
th
at
 co
ul
d
be
 
ca
rr
ie
d 
th
ro
ug
h 
th
e 
fa
ci
lit
y's
 m
ax
im
um
 lo
ad
 se
ct
io
n,
 if
 b
us
es
 w
er
e 
sc
he
du
le
d 
to
 u
se
 th
e 
fa
ci
lit
y 
at
 it
s f
ul
l c
ap
ac
ity
, u
nd
er
 a 
sp
ec
ifi
ed
 se
t 
of
 co
nd
iti
on
s (
e.
g.
, d
es
ig
n 
fa
ilu
re
 ra
te
, v
eh
ic
le
 ty
pe
s, 
fa
re
 co
lle
ct
io
n 
m
et
ho
d)
.
y
In
 th
is 
ca
se
, E
qu
at
io
n 
6-
22
 an
d 
Eq
ua
tio
n 
6-
23
 ar
e 
re
pl
ac
ed
 w
ith
 th
e 
fo
llo
w
in
g,
 d
ep
en
di
ng
 o
n 
w
he
th
er
 th
e 
lo
ad
in
g 
sta
nd
ar
d 
is 
an
 av
er
ag
e 
(E
qu
at
io
n 
6-
25
) o
r i
s n
ot
 to
 b
e 
re
gu
lar
ly
 e
xc
ee
de
d 
(E
qu
at
io
n 
6-
26
):
Ca
lc
ul
at
io
n 
Ex
am
pl
e 
fo
r B
us
 C
ap
ac
ity
y
C
ar
ro
ll 
C
ity
, t
he
 ce
nt
ra
l c
ity
 in
 a 
re
gi
on
 o
f 7
50
,0
00
 p
eo
pl
e,
 is
 
ex
am
in
in
g 
op
po
rt
un
iti
es
 to
 im
pr
ov
e 
tr
an
sit
 se
rv
ic
e 
th
ro
ug
h 
its
 
do
w
nt
ow
n 
co
re
 as
 p
ar
t o
f a
 D
ow
nt
ow
n 
C
irc
ul
at
io
n 
Pl
an
. E
xi
sti
ng
 
bu
s s
er
vi
ce
 to
 d
ow
nt
ow
n 
is 
co
nc
en
tr
at
ed
 o
n 
C
ar
ro
ll 
St
re
et
 an
d 
G
eo
rg
e 
St
re
et
, a
 o
ne
-w
ay
 co
up
le
t j
us
t o
ve
r o
ne
 m
ile
 in
 le
ng
th
. B
ot
h 
str
ee
ts 
ha
ve
 tw
o 
th
ro
ug
h 
lan
es
, w
ith
 o
n-
str
ee
t p
ar
ki
ng
 p
ro
vi
de
d 
on
 
bo
th
 si
de
s o
f t
he
 st
re
et
. T
he
 c
ou
pl
et
 is
 se
rv
ed
 b
y 
six
 tr
an
sit
 ro
ut
es
 
op
er
at
ed
 b
y 
C
ar
ro
ll 
C
ity
 Tr
an
sit
 (C
C
T)
, w
ith
 co
m
bi
ne
d 
pe
ak
-h
ou
r 
fre
qu
en
cy
 o
f 2
6 
bu
se
s p
er
 h
ou
r. 
Bu
se
s s
to
p 
ev
ery
 b
lo
ck
, w
ith
 av
er
ag
e 
bl
oc
k 
le
ng
th
s o
f 6
60
 ft
. O
n-
str
ee
t p
ar
ki
ng
 is
 re
m
ov
ed
 at
 b
us
 st
op
s t
o 
all
ow
 b
us
es
 ac
ce
ss
 to
 th
e 
cu
rb
, a
nd
 b
us
es
 m
us
t e
xi
t t
he
 tr
af
fic
 st
re
am
 
to
 se
rv
e p
as
se
ng
er
s. 
Tr
af
fic
 si
gn
als
 ar
e 
lo
ca
te
d 
at
 e
ac
h 
in
te
rs
ec
tio
n 
alo
ng
 th
e 
do
w
nt
ow
n 
co
up
le
t.
y
W
ha
t i
s t
he
 p
ot
en
tia
l b
us
 ca
pa
ci
ty
 in
 v
eh
ic
le
s p
er
 h
ou
r.
St
ep
 1
. D
ef
in
e 
th
e 
Fa
ci
lit
y
y
Th
e 
fa
ci
lit
y 
co
ns
ist
s o
f t
he
 o
ne
-w
ay
 co
up
le
t o
f C
ar
ro
ll 
St
re
et
 an
d 
G
eo
rg
e 
St
re
et
 th
ro
ug
h 
th
e 
do
w
nt
ow
n 
co
re
.
St
ep
 2
. G
at
he
r 
In
pu
t D
at
a
y
Co
eff
ici
en
t o
f v
ar
ia
tio
n 
of
 d
we
ll 
tim
es 
(c v
) =
 0
.6
2
y
Pa
sse
ng
er 
de
ma
nd
 p
ea
k-
ho
ur
 fa
cto
r (
PH
 F
)=
 0
.7
5
y
Pa
ss
en
ge
r b
oa
rd
in
g 
an
d 
ali
gh
tin
g 
vo
lu
m
es
 ar
e 
als
o 
av
ail
ab
le
y
Al
l s
to
ps
 ar
e 
of
f-l
in
e, 
as
 b
us
es
 e
xi
t t
he
 tr
av
el
 la
ne
 to
 ac
ce
ss
 th
e 
cu
rb
y
Al
l s
to
ps
 al
on
g 
th
e 
co
up
le
t a
re
 fa
r s
id
e
y
Bu
s s
to
p 
de
sig
n 
is 
lin
ea
r
y
Tw
o 
lo
ad
in
g 
ar
ea
s a
re
 p
ro
vi
de
d 
at
 b
us
 st
op
s i
n 
th
e 
ce
nt
ra
l p
or
tio
n 
of
 
th
e 
co
up
le
t b
y 
re
m
ov
in
g 
ad
di
tio
na
l o
n-
str
ee
t p
ar
ki
ng
 at
 th
e 
sto
p.
 
Th
is 
re
fle
ct
s t
he
 h
ig
he
r p
as
se
ng
er
 d
em
an
d 
at
 th
es
e 
sto
ps
. O
th
er
 
sto
ps
 h
av
e 
on
ly
 o
ne
 lo
ad
in
g 
ar
ea
.
St
ep
 2
. G
at
he
r 
In
pu
t D
at
a 
C
on
td
..
y
Th
e 
do
w
nt
ow
n 
str
ee
t n
et
w
or
k 
is 
a o
ne
-w
ay
 g
rid
, w
ith
 si
gn
als
 o
n 
ev
er
y 
bl
oc
k.
 S
ig
na
ls 
op
er
at
e 
on
 8
0-
s c
yc
le
s, 
w
ith
 b
ot
h 
str
ee
ts 
at
 a 
gi
ve
n 
in
te
rs
ec
tio
n 
re
ce
iv
in
g 
th
e 
sa
m
e 
am
ou
nt
 o
f g
re
en
 ti
m
e.
 A
cc
ou
nt
in
g 
fo
r 
tr
af
fic
 si
gn
al 
lo
st 
tim
e,
 th
is 
re
su
lts
 in
 a 
g/
C 
ra
tio
 o
f 0
.4
5 
fo
r b
us
es
 o
n 
th
e 
co
up
le
t. 
Th
e 
po
ste
d 
sp
ee
d 
is 
25
 m
i/
h.
St
ep
 3
. S
et
 a
 D
es
ig
n 
B
us
 S
to
p 
Fa
ilu
re
 R
at
e
y
Th
e T
C
Q
SM
 re
co
m
m
en
ds
 a 
de
sig
n 
fa
ilu
re
 ra
te
 o
f 7
.5
 to
 1
5%
 fo
r 
do
w
nt
ow
n 
ar
ea
s.
y
Ba
se
d 
on
 th
e 
po
lic
ie
s o
f C
C
T 
an
d 
th
e 
C
ar
ro
ll 
C
ity
 P
ub
lic
 W
or
ks
 
D
ep
ar
tm
en
t, 
15
%
 is
 se
le
ct
ed
 as
 th
e 
de
sig
n 
bu
s s
to
p 
fa
ilu
re
 ra
te
 fo
r t
he
 
an
aly
sis
.
St
ep
 4
: D
et
er
m
in
e 
D
w
el
l T
im
e
y
Al
l b
us
 ro
ut
es
 o
pe
ra
te
 u
sin
g 
40
-ft
 lo
w
-fl
oo
r b
us
es
 th
at
 h
av
e 
a w
id
e 
(t
w
o-
ch
an
ne
l) 
fro
nt
 d
oo
r a
nd
 a 
na
rr
ow
er
 (o
ne
-c
ha
nn
el
) r
ea
r d
oo
r.
y
Bo
ar
di
ng
 o
cc
ur
s t
hr
ou
gh
 th
e 
fro
nt
 d
oo
r. 
Pa
ss
en
ge
rs
 p
ur
ch
as
in
g 
sin
gl
e-
rid
e 
or
 d
ail
y 
fa
re
s m
us
t u
se
 th
e 
fa
re
bo
x,
 b
ut
 p
as
se
ng
er
s w
ith
 a 
m
on
th
ly
 p
as
s c
an
 
by
pa
ss
 th
e 
fa
re
 b
ox
 b
y 
sh
ow
in
g 
th
ei
r p
as
s t
o 
th
e 
op
er
at
or
.
y
Ag
en
cy
 d
at
a s
ho
w
 th
at
 ap
pr
ox
im
at
el
y 
55
%
 o
f p
as
se
ng
er
s u
se
 th
e 
he
av
ily
 
di
sc
ou
nt
ed
 m
on
th
ly
 p
as
se
s. 
Th
er
ef
or
e 
re
m
ain
in
g 
45
%
 w
ill
 b
e 
us
in
g 
fa
re
bo
x.
y
Al
ig
ht
in
g 
pa
ss
en
ge
rs
 m
ay
 u
se
 e
ith
er
 d
oo
r, 
bu
t f
av
or
 th
e 
re
ar
 d
oo
r t
o 
av
oi
d 
co
nf
lic
ts 
w
ith
 b
oa
rd
in
g 
pa
ss
en
ge
rs
. S
ta
nd
ee
s a
re
 n
ot
 n
or
m
all
y 
pr
es
en
t.
As
si
gn
 B
oa
rd
in
g 
an
d 
Al
ig
ht
in
g V
ol
um
e b
y 
D
oo
r C
ha
nn
el
.
y
Th
e 
cu
rr
en
t b
oa
rd
in
g 
sc
en
ar
io
 re
fle
ct
s d
ou
ble
-c
ha
nn
el 
bo
ar
di
ng
, i
n 
w
hi
ch
 4
5%
 o
f p
as
se
ng
er
s u
se
 th
e 
fa
re
bo
x
(c
ha
nn
el
l) 
an
d 
th
e 
re
m
ain
in
g 
55
%
 u
se
 th
e 
fro
nt
 d
oo
r b
ut
 b
yp
as
s t
he
 fa
re
 b
ox
 (c
ha
nn
el
 2
).
y
N
o 
ali
gh
tin
g 
pa
ss
en
ge
rs
 w
ill
 u
se
 c
ha
nn
el
l(
as
 it
 w
ill
 b
e 
oc
cu
pi
ed
 b
y 
bo
ar
de
rs
 u
sin
g 
th
e 
fa
re
bo
x)
 . 
As
su
m
e 
th
at
 2
5%
 o
f a
lig
ht
in
g 
pa
ss
en
ge
rs
 
ex
it 
fro
m
 th
e 
fro
nt
 d
oo
r v
ia 
ch
an
ne
l 2
 (d
ef
au
lt 
va
lu
e)
, w
ith
 th
e 
re
m
ain
in
g 
75
%
 o
f p
as
se
ng
er
s u
sin
g 
th
e 
re
ar
 d
oo
r (
ch
an
ne
l 3
).
D
et
er
m
in
e A
ve
ra
ge
 P
as
se
ng
er
 S
er
vi
ce
 T
im
e 
fo
r E
ac
h 
Bu
s D
oo
r 
Ch
an
ne
l
y
Bo
ar
di
ng
st
hr
ou
gh
 C
ha
nn
el
 1
: 4
.5
 s 
(e
xa
ct
 c
ha
ng
e 
in
to
 fa
re
bo
x)
y
Bo
ar
di
ng
st
hr
ou
gh
 C
ha
nn
el
 2
: 2
.0
 s 
(v
isu
al 
fa
re
 in
sp
ec
tio
n)
y
Al
ig
ht
in
gs
th
ro
ug
h 
C
ha
nn
el
 2
: 2
.5
 s 
(fr
on
t d
oo
r)
y
Al
ig
ht
in
gs
th
ro
ug
h 
C
ha
nn
el
3:
 1
.7
5 
s (
re
ar
 d
oo
r)
y
In
 ad
di
tio
n,
 w
he
n 
m
in
or
-d
ire
ct
io
n 
flo
w
 th
ro
ug
h 
a d
oo
r c
ha
nn
el
 is
 m
or
e 
th
an
 2
5%
 o
f t
he
 to
ta
l f
lo
w
 th
ro
ug
h 
th
e 
do
or
 c
ha
nn
el
, b
oa
rd
in
g 
an
d 
ali
gh
tin
g 
tim
es
 sh
ou
ld
 b
e 
in
cr
ea
se
d 
by
 2
0%
 to
 ac
co
un
t f
or
 th
e 
co
ng
es
tio
n 
at
 
th
e 
do
or
. 
y
Tw
o-
di
re
ct
io
na
l f
lo
w
s o
cc
ur
 in
 d
oo
r c
ha
nn
el
 2
, a
nd
 m
in
or
-d
ire
ct
io
n 
flo
w
 is
 
m
or
e 
th
an
 2
5%
 o
f t
he
 to
ta
l f
lo
w
 at
 st
op
s 1
 an
d 
4 
on
 C
ar
ro
ll 
St
re
et
 an
d 
at
 
sto
ps
 1
, 2
, 3
, a
nd
 5
 o
n 
G
eo
rg
e 
St
re
et
.
D
et
er
m
in
e 
Pa
ss
en
ge
r F
lo
w
 T
im
e 
fo
r E
ac
h 
Bu
s D
oo
r C
ha
nn
el
y
U
sin
g 
Eq
ua
tio
n 
6-
4,
 ca
lc
ul
at
e 
th
e 
av
er
ag
e 
pa
ss
en
ge
r f
lo
w
 ti
m
e 
fo
r 
ea
ch
 d
oo
r c
ha
nn
el
. 
y
Th
e 
ca
lc
ul
at
io
ns
 ar
e 
sh
ow
n 
in
 th
ei
r e
nt
ire
ty
 fo
r S
to
p 
#
1 
on
 C
ar
ro
ll 
St
re
et
 b
el
ow
.
y
t pf
,1
=
 0
 +
 (1
.4
)x
(4
.5
) =
 6
.3
 =
 6
s (
ro
un
de
d)
y
t pf
,2
=
 (0
.8
)x
(2
.5
 x
 1
.2
) +
 (1
.7
)x
(1
.7
5 
x 
1.
2)
 =
 5
.9
7 
=
 6
s
y
t pf
,3
=
 (2
.3
)x
(1
.7
5)
 +
 0
 =
 4
.0
2 
=
 4
s
y
Ex
hi
bi
t 6
-7
9 
sh
ow
s t
he
 av
er
ag
e 
pa
ss
en
ge
r f
lo
w
 ti
m
e 
fo
r e
ac
h 
do
or
 
ch
an
ne
l r
es
ul
tin
g 
fro
m
 th
e 
ca
lc
ul
at
io
ns
.
D
et
er
m
in
e 
th
e 
Bo
ar
di
ng
 L
os
t T
im
e
y
St
op
s 1
, 2
, 7
, a
nd
 8
 o
n 
bo
th
 C
ar
ro
ll 
St
re
et
 an
d 
G
eo
rg
e 
St
re
et
 h
av
e 
on
ly
 
on
e 
lo
ad
in
g 
ar
ea
 e
ac
h,
 an
d 
th
er
ef
or
e 
ha
ve
 n
o 
bo
ar
di
ng
 lo
st 
tim
e.
y
As
su
m
e 
th
at
 b
oa
rd
in
g 
lo
st 
tim
e 
is 
eq
ua
l t
o 
2 
s f
or
 th
e 
re
m
ain
in
g 
sto
ps
, 
ea
ch
 o
f w
hi
ch
 h
av
e 
tw
o 
lo
ad
in
g 
ar
ea
s.
Ca
lc
ul
at
e t
he
 D
we
ll 
Ti
m
e
y
C
alc
ul
at
e 
th
e 
av
er
ag
e 
dw
el
l t
im
e 
fo
r e
ac
h 
bu
s s
to
p.
 
y
Th
e 
ca
lc
ul
at
io
n 
is 
sh
ow
n 
fo
r S
to
p 
#
1 
on
 C
ar
ro
ll 
St
re
et
.
y
t d
=
 6
 +
 4
 +
0 
=
 1
0s
St
ep
 5
: D
et
er
m
in
e 
Lo
ad
in
g 
A
re
a 
C
ap
ac
it
y
D
et
er
m
in
e 
th
e 
Cl
ea
ra
nc
e T
im
e
y
Be
ca
us
e 
th
e 
sto
ps
 o
n 
th
e 
co
rr
id
or
 ar
e 
of
f-l
in
e,
 th
e 
cl
ea
ra
nc
e 
tim
e 
is 
eq
ua
l t
o 
10
 s 
(th
e 
m
in
im
um
 ti
m
e 
fo
r a
 st
an
da
rd
 b
us
 to
 st
ar
t u
p 
an
d 
tr
av
el
 it
s o
w
n 
le
ng
th
, a
nd
 fo
r t
he
 n
ex
t b
us
 
to
 p
ul
l i
n)
 p
lu
s r
ee
nt
ry
 d
el
ay
. 
y
Th
e 
ca
lc
ul
at
io
n 
of
 re
en
tr
y 
de
lay
 v
ar
ie
s d
ep
en
di
ng
 o
n 
th
e 
bu
s s
to
p 
lo
ca
tio
n 
re
lat
iv
e 
to
 tr
af
fic
 
sig
na
ls;
 si
nc
e 
all
 b
us
 st
op
s i
n 
th
e 
co
rr
id
or
 a
re
 lo
ca
te
d 
at
 si
gn
ali
ze
d 
in
te
rs
ec
tio
ns
, C
as
e 
2 
ap
pl
ie
s t
o 
all
 st
op
s.
y
Th
e 
cl
ea
ra
nc
e 
tim
e 
t c
is 
th
e 
re
en
tr
y 
de
lay
 ( 
4.
5 
s)
 p
lu
s t
he
 m
in
im
um
 b
us
 st
ar
tu
p 
an
d 
m
ov
em
en
t t
im
e 
(1
0 
s)
, o
r 1
4.
5 
s. 
Ex
hi
bi
t 6
-8
1 
pr
ov
id
es
 re
en
tr
y 
an
d 
cl
ea
ra
nc
e 
tim
es
 fo
r a
ll 
sto
ps
 in
 th
e 
co
rr
id
or
.
Ca
lc
ul
at
e t
he
 L
oa
di
ng
 A
re
a 
Ca
pa
ci
ty
y
Th
e 
sta
nd
ar
d 
no
rm
al 
va
ria
bl
e 
Z 
as
so
cia
te
d 
w
ith
 th
e 
de
sig
n 
fa
ilu
re
 ra
te
 
of
 1
5%
 is
 1
.0
4.
St
ep
 6
: D
et
er
m
in
e 
B
us
 S
to
p 
C
ap
ac
it
y
D
et
er
m
in
e 
th
e 
N
um
be
r o
f E
ffe
ct
iv
e L
oa
di
ng
 A
re
as
y
U
se
 E
xh
ib
it 
6-
63
 to
 e
sti
m
at
e 
th
e 
nu
m
be
r o
f e
ffe
ct
iv
e 
lo
ad
in
g 
ar
ea
s N
el
at
 e
ac
h 
sto
p.
 S
to
ps
 w
ith
 o
ne
 lo
ad
in
g 
ar
ea
 w
ill
 b
e 
1.
00
 e
ffe
ct
iv
e 
lo
ad
in
g 
ar
ea
s, 
w
hi
le
 st
op
s w
ith
 tw
o 
lo
ad
in
g 
ar
ea
s w
ill
 h
av
e 
1.
85
 e
ffe
ct
iv
e 
lo
ad
in
g 
ar
ea
s (
as
 th
e 
sto
ps
 ar
e 
of
f-l
in
e)
.
Ad
ju
st
 C
ap
ac
ity
 fo
r T
ra
ffi
c B
lo
ck
ag
e
y
U
se
 E
qu
at
io
n 
6-
17
 to
 ca
lc
ul
at
e 
th
e 
tr
af
fic
 b
lo
ck
ag
e 
ad
ju
stm
en
t f
ac
to
r f
tb
  
y
Th
e 
bu
s s
to
p 
lo
ca
tio
n 
fa
ct
or
 fi
 is
 0
.5
 b
ec
au
se
 st
op
s a
re
 lo
ca
te
d 
fa
r s
id
e 
an
d 
bu
se
s a
re
 ab
le
 to
 m
ov
e 
in
to
 th
e 
ad
jac
en
t t
ra
ve
l l
an
e 
as
 n
ee
de
d.
y
Th
e 
ca
pa
ci
ty
 o
f t
he
 cu
rb
 la
ne
 th
ro
ug
h 
m
ov
em
en
t C
th
 is
 e
sti
m
at
ed
 as
 1
,6
25
 x
 
(g
/C
), 
or
 7
31
, b
as
ed
 o
n 
th
e 
sa
tu
ra
tio
n 
flo
w
 v
alu
es
 in
 E
xh
ib
it 
6-
60
.
y
Th
e 
ca
pa
ci
ty
 o
f t
he
 ri
gh
t-t
ur
n 
m
ov
em
en
t C
rt 
is 
es
tim
at
ed
 as
 1
,4
50
 x
 (g
/C
) x
 
(1
-(
pe
de
str
ian
 vo
lu
m
e/
2,
00
0)
), 
us
in
g 
th
e 
eq
ua
tio
n 
ac
co
m
pa
ny
in
g 
Ex
hi
bi
t 6
-
65
.
y
Th
e 
cu
rb
 la
ne
 ca
pa
ci
ty
 (C
cl
) i
s t
he
 v
ol
um
e-
w
ei
gh
te
d 
av
er
ag
e 
of
 th
e 
th
ro
ug
h 
an
d 
rig
ht
-tu
rn
 ca
pa
ci
tie
s:
Ad
ju
st
 C
ap
ac
ity
 fo
r T
ra
ffi
c B
lo
ck
ag
e
y
Th
e 
tr
af
fic
 b
lo
ck
ag
e 
ad
ju
stm
en
t f
ac
to
r c
alc
ul
at
io
n 
fo
r S
to
p 
#
1 
on
 
C
ar
ro
ll 
St
re
et
 is
 as
 fo
llo
w
s :
y
f tb
=
 1
 –
0.
5(
45
0/
71
6)
 =
 0
.6
9
Ca
lc
ul
at
e B
us
 S
to
p 
Ca
pa
ci
ty
St
ep
 7
: D
et
er
m
in
e 
Fa
ci
lit
y 
B
us
 C
ap
ac
it
y
y
As
 sk
ip
-s
to
p 
op
er
at
io
ns
 ar
e 
no
t u
se
d 
on
 th
is 
fa
ci
lit
y, 
th
e 
fa
ci
lit
y 
bu
s 
ca
pa
cit
y 
is 
sim
pl
y 
eq
ua
l t
o 
th
e 
ca
pa
ci
ty
 o
f t
he
 cr
iti
ca
l b
us
 st
op
 (i
.e
., 
th
e 
bu
s s
to
p 
w
ith
 th
e 
lo
w
es
t c
ap
ac
ity
). 
y
Th
e 
cr
iti
ca
l b
us
 st
op
 o
n 
C
ar
ro
ll 
St
re
et
 is
 S
to
p 
#
8,
 w
ith
 a 
ca
pa
ci
ty
 o
f 2
5 
bu
se
s p
er
 h
ou
r, 
an
d 
th
e 
cr
iti
ca
l b
us
 st
op
 o
n 
G
eo
rg
e 
St
re
et
 is
 S
to
p 
#
2,
 
w
ith
 a 
ca
pa
ci
ty
 o
f 2
8 
bu
se
s p
er
 h
ou
r.
Th
an
k 
Yo
u
y
N
ex
t T
op
ic
: R
ail
 Tr
an
sit
 C
ap
ac
ity
1D
EM
AN
D
-R
ES
PO
N
SI
VE
 
TR
AN
SI
T 
C
AP
AC
IT
Y
Tr
an
si
t 
C
ap
ac
ity
 a
nd
 Q
ua
lit
y 
of
 
Se
rv
ic
e 
M
an
ua
l, 
3r
d
Ed
iti
on
:
C
ha
pt
er
 7
D
ef
in
itio
n 
an
d 
O
ve
rv
ie
w
•
D
RT
 is
 a
 f
or
m
 o
f 
pu
bl
ic
 t
ra
ns
po
rt
at
io
n 
ch
ar
ac
te
ri
ze
d 
by
 
fle
xi
bl
e 
ro
ut
in
g 
an
d 
sc
he
du
lin
g 
of
 s
m
al
l-
to
 m
ed
iu
m
-
si
ze
 v
eh
ic
le
s 
op
er
at
in
g 
in
 a
 s
ha
re
d-
ri
de
 m
od
e 
be
tw
ee
n 
pi
ck
-u
p 
an
d 
dr
op
-o
ff
 lo
ca
tio
ns
 a
cc
or
di
ng
 t
o 
pa
ss
en
ge
rs
’ 
ne
ed
s
•
H
is
to
ri
ca
lly
, 
D
RT
 h
as
 b
ee
n 
re
fe
rr
ed
 t
o 
as
 “
di
al
-a
-r
id
e”
 
se
rv
ic
e
•
M
or
e 
re
ce
nt
ly
, 
D
RT
 h
as
 e
vo
lv
ed
 t
o 
in
cl
ud
e 
a 
ra
ng
e 
of
 
se
rv
ic
es
—
fle
xi
bl
e 
tr
an
si
t 
se
rv
ic
es
—
th
at
 s
ha
re
 a
tt
ri
bu
te
s 
of
 p
ur
e 
D
RT
 a
nd
 f
ix
ed
-r
ou
te
 s
er
vi
ce
•
Sh
ar
e 
a 
co
m
m
on
 e
le
m
en
t 
of
 t
rip
 r
es
er
va
tio
n
•
Se
rv
ic
es
 v
ar
y 
in
 t
he
ir 
de
gr
ee
 o
f f
le
xi
bi
lit
y,
 r
id
er
 g
ro
up
s 
se
rv
ed
, a
nd
 o
pe
ra
tio
na
l a
nd
 p
er
fo
rm
an
ce
 a
tt
rib
ut
es
Se
rv
ice
 P
at
te
rn
 T
yp
es
Ty
pe
s 
of
 D
RT
 S
er
vic
e
•
G
en
er
al
 P
ub
lic
•
Li
m
ite
d 
El
ig
ib
ili
ty
•
AD
A 
Pa
ra
tr
an
si
t
•
H
um
an
 S
er
vi
ce
 T
ra
ns
po
rt
at
io
n
•
Ji
tn
ey
•
Fl
ex
ib
le
 T
ra
ns
it 
Se
rv
ic
es
2W
ha
t M
at
te
rs
 to
 C
us
to
m
er
s?
•
Se
rv
ic
e 
av
ai
la
bi
lit
y
•
Is
 t
ra
ns
it 
an
 o
pt
io
n?
•
C
om
fo
rt
 a
nd
 c
on
ve
ni
en
ce
•
If
 it
 is
 a
n 
op
tio
n,
 w
ou
ld
 y
ou
 w
an
t 
to
 u
se
 it
?
•
Q
ua
lit
y 
of
 s
er
vi
ce
 (
Q
O
S)
 f
oc
us
es
 o
n 
th
e 
pa
ss
en
ge
r
po
in
t 
of
 
vi
ew
•
O
th
er
 p
oi
nt
s 
of
 v
ie
w
 a
re
 a
ls
o 
va
lid
 a
nd
 n
ee
d 
to
 b
e 
co
ns
id
er
ed
•
M
ay
 h
av
e 
co
nf
lic
tin
g 
ob
je
ct
iv
es
 (
e.
g.
, p
as
se
ng
er
 c
om
fo
rt
 v
s.
 a
ge
nc
y 
re
so
ur
ce
s)
•
Be
st
-q
ua
lit
y 
pa
ss
en
ge
r 
se
rv
ic
e 
m
ay
 n
ot
 b
e 
fe
as
ib
le
 o
r 
de
si
ra
bl
e
•
AD
A 
re
qu
ire
m
en
ts
 m
us
t 
al
w
ay
s 
be
 m
et
•
Se
e 
th
e 
Q
ua
lit
y 
of
 S
er
vi
ce
 p
re
se
nt
at
io
n 
fo
r 
a 
m
or
e 
in
-d
ep
th
 
pr
es
en
ta
tio
n 
of
 Q
O
S 
co
nc
ep
ts
Q
O
S 
Fr
am
ew
or
k
•
Th
e 
Q
O
S 
fr
am
ew
or
k 
pr
es
en
ts
 k
ey
 p
er
fo
rm
an
ce
 m
ea
su
re
s 
th
at
 
ca
n 
be
 u
se
d 
in
 s
et
tin
g 
se
rv
ic
e 
st
an
da
rd
s 
an
d 
ev
al
ua
tin
g 
th
e 
Q
O
S 
de
liv
er
ed
 t
o 
pa
ss
en
ge
rs
•
Th
re
e 
m
ea
su
re
s 
of
 a
va
ila
bi
lit
y
•
Th
re
e 
m
ea
su
re
s 
of
 c
om
fo
rt
 a
nd
 c
on
ve
ni
en
ce
•
Fr
am
ew
or
k 
an
d 
m
ea
su
re
s 
in
te
nd
ed
 t
o 
be
 a
pp
lie
d 
to
 g
en
er
al
 
pu
bl
ic
 a
nd
 li
m
ite
d 
el
ig
ib
ili
ty
 D
RT
 s
er
vi
ce
s 
on
ly
•
A
D
A
 s
ti
pu
la
te
s 
se
rv
ic
e 
re
qu
ir
em
en
ts
 f
or
 A
D
A
 p
ar
at
ra
ns
it
•
S
om
e 
m
ea
su
re
s 
m
ay
 b
e 
ap
pl
ic
ab
le
 t
o 
fle
xi
bl
e 
tr
an
si
t 
se
rv
ic
es
, 
bu
t 
th
e 
w
id
e 
ra
ng
e 
of
 t
he
se
 s
er
vi
ce
s 
pr
ec
lu
de
s 
de
ve
lo
pi
ng
 s
ta
nd
ar
di
ze
d 
Q
O
S
 t
ab
le
s
Av
ai
la
bi
lit
y 
Co
m
fo
rt
 a
nd
 C
on
ve
ni
en
ce
 
Re
sp
on
se
 T
im
e 
Se
rv
ice
 S
pa
n 
Se
rv
ice
 C
ov
er
ag
e 
Re
lia
bi
lit
y 
Tr
av
el
 T
im
e 
No
-s
ho
w
s 
	
D
RT
 C
ap
ac
ity
C
ap
ac
ity
 Is
su
es
•
H
ow
 m
an
y 
ve
hi
cl
es
 a
nd
 v
eh
ic
le
 s
er
vi
ce
 h
ou
rs
 a
re
 
re
qu
ir
ed
 t
o 
ac
co
m
m
od
at
e 
a 
gi
ve
n 
pa
ss
en
ge
r 
de
m
an
d 
an
d 
se
rv
ic
e 
ar
ea
?
•
D
RT
 c
ap
ac
ity
 d
ep
en
ds
 o
n 
ve
hi
cl
e 
si
ze
 a
nd
 t
he
 
op
er
at
in
g 
po
lic
ie
s
3C
ap
ac
ity
 F
ac
to
rs
•
R
id
er
sh
ip
 d
em
an
d
•
Pa
ss
en
ge
r 
ch
ar
ac
te
ri
st
ic
s
•
Pe
ak
 p
er
io
d 
de
m
an
d
•
Se
rv
ic
e 
ar
ea
 s
iz
e
•
Se
rv
ic
e 
ar
ea
 c
ha
ra
ct
er
is
tic
s
•
Tr
ip
 p
at
te
rn
 t
yp
e
•
O
pe
ra
tin
g 
po
lic
ie
s
C
ap
ac
ity
 F
ac
to
rs
•
R
id
er
sh
ip
 d
em
an
d
•
Ke
y 
fa
ct
or
 f
or
 t
he
 c
al
cu
la
tio
n 
of
 n
ee
de
d 
ca
pa
ci
ty
•
D
em
an
d 
sh
ou
ld
 b
e 
de
te
rm
in
ed
 o
n 
an
 a
ve
ra
ge
 w
ee
kd
ay
 
ba
si
s 
as
 w
el
l a
s 
a 
pe
ak
-p
er
io
d 
ba
si
s
•
Pa
ss
en
ge
r 
ch
ar
ac
te
ri
st
ic
s
•
Is
 s
er
vi
ce
 f
or
 g
en
er
al
 p
ub
lic
 o
r 
a 
sp
ec
ia
liz
ed
 g
ro
up
?
•
AD
A 
pa
ra
tr
an
si
t
ca
nn
ot
 li
m
it 
its
 c
ap
ac
ity
 f
or
 e
lig
ib
le
 r
id
er
s
•
D
iff
er
en
ce
s 
in
 p
as
se
ng
er
 c
ha
ra
ct
er
is
tic
s 
ca
n 
im
pa
ct
 w
ai
t 
tim
es
 o
r 
dw
el
l t
im
es
, 
af
fe
ct
in
g 
ca
pa
ci
ty
•
S
er
vi
ce
s 
de
si
gn
ed
 f
or
 p
eo
pl
e 
w
ith
 d
is
ab
ili
tie
s 
w
ill
 h
av
e 
lo
ng
er
 
w
ai
t 
tim
es
 a
nd
 lo
ng
er
 d
w
el
l t
im
es
C
ap
ac
ity
 F
ac
to
rs
•
Pe
ak
 p
er
io
d 
de
m
an
d
•
If
 D
RT
 s
ys
te
m
s 
ha
ve
 p
ea
ke
d 
rid
er
sh
ip
 d
em
an
d,
 a
dd
iti
on
al
 
ca
pa
ci
ty
 is
 r
eq
ui
re
d 
at
 t
ho
se
 p
ea
k 
tim
es
•
A 
D
RT
 v
eh
ic
le
 g
en
er
al
ly
 d
oe
s 
no
t 
ca
rr
y 
m
or
e 
pa
ss
en
ge
rs
 
du
rin
g 
pe
ak
 t
im
es
 (
un
lik
e 
fix
ed
-r
ou
te
 b
us
es
),
 s
o 
D
RT
 
pr
ov
id
er
s 
m
ay
 n
ee
d 
to
 p
ro
vi
de
 m
or
e 
se
rv
ic
e 
du
rin
g 
pe
ak
 
de
m
an
d 
pe
rio
ds
•
W
ay
s 
to
 p
ro
vi
de
 a
dd
iti
on
al
 s
er
vi
ce
•
D
ep
lo
y 
ad
di
tio
na
l v
eh
ic
le
s
•
Su
pp
le
m
en
t 
D
RT
 s
er
vi
ce
 w
ith
 n
on
-d
ed
ic
at
ed
 s
er
vi
ce
 s
uc
h 
as
 t
ax
is
•
Im
pr
ov
e 
D
RT
 v
eh
ic
le
 s
ch
ed
ul
es
 t
o 
en
su
re
 a
de
qu
at
e 
ca
pa
ci
ty
•
W
he
th
er
 a
 D
RT
 p
ro
vi
de
r 
ca
n 
m
an
ag
e 
de
m
an
d 
du
rin
g 
pe
ak
 
pe
rio
ds
 w
ill
 a
ffe
ct
 c
ap
ac
ity
 n
ee
ds
C
ap
ac
ity
 F
ac
to
rs
•
Se
rv
ic
e 
ar
ea
 s
iz
e
•
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d 
   
   
   
   
   
 
3.
 T
im
e 
th
e 
do
or
s r
em
ain
 o
pe
n 
aft
er
 p
as
se
ng
er
 fl
ow
 ce
as
es
. Sa
n 
Di
eg
o 
Tr
ol
le
y
C
on
tr
ib
ut
in
g 
fa
ct
or
s f
or
 p
as
se
ng
er
 fl
ow
: 
Pa
ss
en
ge
r v
ol
um
es
 at
 st
at
io
ns
, D
ist
rib
ut
io
n 
of
 
pa
ss
en
ge
rs
  a
lo
ng
 p
lat
fo
rm
, N
um
be
r a
nd
 w
id
th
 
of
 tr
ain
 d
oo
rs
, V
eh
ic
le
 h
ei
gh
t, 
W
he
el
ch
air
 
lif
t/
ra
m
p 
de
pl
oy
m
en
t, 
O
n-
bo
ar
d 
cr
ow
di
ng
, 
Pa
ss
en
ge
r b
eh
av
io
r (
ste
pp
in
g 
as
id
e,
 h
ol
di
ng
 
do
or
s)
, O
n-
bo
ar
d 
fa
re
 co
lle
ct
io
n 
(if
 u
se
d)
, 
U
nu
se
d 
tim
e 
w
ith
 d
oo
rs
 o
pe
n,
 W
ait
in
g-
to
-
de
pa
rt
 ti
m
e 
w
ith
 d
oo
rs
 cl
os
ed
.
Ill
us
tra
tiv
e 
Im
pa
ct
 o
f D
w
el
l T
im
e 
on
 
Li
ne
 C
ap
ac
ity
Ba
se
 c
on
di
tio
n 
as
su
m
es
 3
0-
se
co
nd
 d
w
el
l t
im
es
, 2
0-
se
co
nd
 o
pe
ra
tin
g 
m
ar
gi
n,
 5
0-
se
co
nd
 m
in
im
um
 tr
ai
n 
se
pa
ra
tio
n
Tr
ai
n 
Si
gn
al
in
g 
Sy
st
em

D
et
er
m
in
es
 th
e m
in
im
um
 sa
fe
 sp
ac
in
g 
be
tw
ee
n 
tr
ain
s

Th
e m
or
e a
cc
ur
at
ely
 a 
tr
ain
’s 
po
sit
io
n 
is 
kn
ow
n,
 th
e c
lo
se
r 
to
ge
th
er
 th
at
 tr
ain
s c
an
 o
pe
ra
te
, r
es
ul
tin
g 
in
 h
ig
he
r t
ra
in
 
th
ro
ug
hp
ut

Al
l u
rb
an
 ra
il 
tr
an
sit
 tr
ain
 co
nt
ro
l s
ys
te
m
s a
re
 b
as
ed
 o
n 
di
vi
di
ng
 
th
e t
ra
ck
 in
to
 se
ct
io
ns
 k
no
w
n 
as
 ‘b
lo
ck
s’ 
an
d 
en
su
rin
g 
th
at
 tr
ain
s 
ar
e s
ep
ar
at
ed
 b
y 
a s
ui
ta
bl
e a
nd
 sa
fe
 n
um
be
r o
f b
lo
ck
s.

O
th
er
 p
os
sib
le
 el
em
en
ts:

Po
sit
ive
 tr
ain
 co
nt
ro
l (
co
m
m
ut
er
 ra
il)

Au
to
m
at
ic 
tr
ain
 o
pe
ra
tio
n

Au
to
m
at
ic 
tr
ain
 su
pe
rv
isi
on
De
nv
er
 L
RT
Ba
si
c 
Tr
ai
n 
Si
gn
al
 O
pe
ra
tio
n
3Si
gn
al
 S
ys
te
m
 T
yp
es

Fi
xe
d 
bl
oc
k

Tr
ain
s d
et
ec
te
d 
by
 w
he
el
s a
nd
 ax
le
s s
en
di
ng
 a 
lo
w
 vo
lta
ge
 cu
rr
en
t 
in
to
 ra
ils
.

Pr
ov
id
es
 a 
co
ar
se
 in
di
ca
tio
n 
of
 tr
ain
 lo
ca
tio
n

Tw
o-
as
pe
ct
 sy
ste
m
 (r
ed
/g
re
en
) r
eq
ui
re
s t
w
o 
em
pt
y 
bl
oc
ks
 b
et
w
ee
n 
tr
ain
s. 

Th
re
e-
as
pe
ct
 sy
ste
m
 (r
ed
/y
el
lo
w
/g
re
en
) r
eq
ui
re
s o
ne
 e
m
pt
y 
bl
oc
k 
be
tw
ee
n 
tr
ain
s 

Ca
b 
sig
na
lin
g

An
te
nn
a o
n 
ea
ch
 tr
ain
 d
et
ec
ts 
th
e 
el
ec
tro
ni
c c
od
es
 in
se
rt
ed
 in
to
 
ea
ch
 tr
ac
k 
cir
cu
it.
 

Ca
b 
sig
na
lin
g 
se
ts 
au
th
or
ize
d,
 sa
fe
 tr
ain
 sp
ee
ds

Au
th
or
ize
d 
sp
ee
ds
 d
isp
lay
ed
 in
 d
riv
er
’s 
ca
b

Pr
ob
le
m
s w
ith
 si
gn
al 
vi
sib
ili
ty
 re
du
ce
d 
or
 e
lim
in
at
ed

A 
ty
pi
ca
l s
el
ec
tio
n 
of
 re
fe
re
nc
e 
sp
ee
ds
 w
ou
ld
 b
e 
50
, 4
0,
 3
0,
 2
0,
 
an
d 
0 
m
ph

M
ov
in
g 
bl
oc
k

Al
so
 ca
lle
d 
tra
ns
mi
ssi
on
-b
as
ed
or
 co
mm
un
ica
tio
n-
ba
sed
sig
na
lin
g 
 
sy
ste
m
s

Re
qu
ire
s c
on
tin
uo
us
 o
r f
re
qu
en
t t
w
o-
w
ay
 co
m
m
un
ica
tio
n 
w
ith
 
ea
ch
 tr
ain
, a
nd
  p
re
cis
e 
kn
ow
le
dg
e 
of
 a 
tr
ain
’s 
lo
ca
tio
n,
  s
pe
ed
, 
an
d 
le
ng
th
, a
nd
 o
f f
ix
ed
 d
et
ail
s o
f t
he
 li
ne
—
cu
rv
es
, g
ra
de
s, 
in
te
rlo
ck
in
gs
, a
nd
 st
at
io
ns

Co
m
pu
te
r c
alc
ul
at
es
 th
e 
ne
xt
 st
op
pi
ng
 p
oi
nt
 o
f e
ac
h 
tr
ain
 an
d 
co
m
m
an
ds
 th
e 
tr
ain
 to
 b
ra
ke
, a
cc
el
er
at
e,
 o
r c
oa
st 
ac
co
rd
in
gl
y
Ill
us
tra
tiv
e 
Im
pa
ct
 o
f S
ig
na
lin
g 
an
d 
St
at
io
n 
Ap
pr
oa
ch
 S
pe
ed
 o
n 
Li
ne
 C
ap
ac
ity
Ba
se
 c
on
di
tio
n 
as
su
m
es
 m
ov
in
g 
bl
oc
k 
si
gn
al
s 
w
ith
 v
ar
ia
bl
e 
sa
fe
ty
 d
ist
an
ce
s,
 4
5-
se
co
nd
 a
ve
ra
ge
 d
w
el
l t
im
e,
 
20
-s
ec
on
d 
op
er
at
in
g 
m
ar
gi
n,
 a
nd
 n
o 
gr
ad
e 
en
te
rin
g 
st
at
io
n.
FS
D
 =
 fi
xe
d 
sa
fe
ty
 d
ist
an
ce
, V
SD
 =
 v
ar
ia
bl
e 
sa
fe
ty
 d
ist
an
ce
4H
yb
rid
 S
ys
te
m
s:

W
he
n 
an
 u
rb
an
 ra
il 
tr
an
sit
 sy
ste
m
 sh
ar
es
 tr
ac
ks
 w
ith
 o
th
er
 
se
rv
ice
s, 
su
ch
 as
 lo
ng
-d
ist
an
ce
 p
as
se
ng
er
 tr
ain
s, 
w
ho
se
 
eq
ui
pm
en
t i
s i
m
pr
ac
tic
al 
or
 u
ne
co
no
m
ic 
to
 eq
ui
p 
w
ith
 th
e 
m
ov
in
g-
bl
oc
k 
sig
na
lin
g 
sy
ste
m
.

H
yb
rid
 o
r o
ve
rla
y 
sy
ste
m
s a
re
 av
ail
ab
le
 th
at
 al
lo
w
 u
se
 b
y 
un
eq
ui
pp
ed
 tr
ain
s-w
ith
 lo
ng
er
 se
pa
ra
tio
n.
 
Au
to
m
at
ic 
Tr
ain
 O
pe
ra
tio
n

Re
lay
s, 
an
d 
m
or
e r
ec
en
tly
 m
icr
op
ro
ce
sso
rs
, c
on
tro
l t
he
 ra
te
 
of
 ac
ce
le
ra
tio
n 
of
 tr
ain
 sm
oo
th
ly
 fr
om
 th
e i
ni
tia
l s
ta
rt
 to
 
m
ax
im
um
 sp
ee
d.

Th
e d
riv
er
 o
r a
tte
nd
an
t's
 ro
le
 is
 ty
pi
ca
lly
 li
m
ite
d 
to
 cl
os
in
g 
th
e d
oo
rs
, p
re
ssi
ng
 a 
tr
ain
 st
ar
t b
ut
to
n,
 an
d 
ob
se
rv
in
g 
th
e 
lin
e a
he
ad
.
Au
to
m
at
ic 
Tr
ain
 S
up
er
vi
sio
n

It 
do
es
 li
ttl
e m
or
e t
ha
n 
di
sp
lay
 th
e l
oc
at
io
n 
of
 tr
ain
s o
n 
a 
m
im
ic 
bo
ar
d 
or
 v
id
eo
 sc
re
en
 in
 th
e c
en
tr
al 
co
nt
ro
l o
r 
di
sp
at
ch
er
's 
of
fic
e.
 

In
 m
or
e a
dv
an
ce
d 
sy
ste
m
s w
he
re
 th
er
e i
s A
ut
om
at
ic 
Tr
ain
 
O
pe
ra
tio
n,
 co
m
pu
te
r a
lg
or
ith
m
s a
re
 u
se
d 
to
 at
te
m
pt
 to
 
au
to
m
at
ica
lly
 co
rr
ec
t l
at
en
es
s. 
Th
es
e a
re
 ra
re
 in
 N
or
th
 
Am
er
ica
 an
d 
ar
e g
en
er
all
y 
as
so
cia
te
d 
w
ith
 th
e n
ew
er
 m
ov
in
g-
bl
oc
k 
sig
na
lin
g 
sy
ste
m
s.
Op
er
at
in
g 
M
ar
gi
n

W
he
n 
a r
ail
 sy
ste
m
 is
 o
pe
ra
tin
g 
clo
se
 to
 it
s c
ap
ac
ity
, s
m
all
 
irr
eg
ul
ar
iti
es
 in
 se
rv
ice
 ca
n 
le
ad
 to
 d
el
ay
s.

Th
es
e i
rr
eg
ul
ar
iti
es
 ca
n 
be
 ca
us
ed
 b
y 
va
ria
tio
ns
 in
 st
at
io
n 
dw
el
l 
tim
es
, v
ar
iat
io
ns
 in
 tr
ain
 p
er
fo
rm
an
ce
, a
nd
-o
n 
m
an
ua
lly
 d
riv
en
 
sy
ste
m
s-v
ar
iat
io
ns
 b
et
w
ee
n 
op
er
at
or
s. 

To
 co
m
pe
ns
at
e f
or
 th
es
e v
ar
iat
io
ns
, w
he
n 
cr
ea
tin
g 
a m
in
im
um
 
he
ad
w
ay
, m
os
t r
ail
 sy
ste
m
s a
dd
 an
 o
pe
ra
tin
g 
m
ar
gi
n 
to
 th
e 
co
m
bi
na
tio
n 
of
 th
e s
ig
na
l s
ys
te
m
's 
m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
tim
e 
an
d 
th
e c
rit
ica
l s
ta
tio
n 
dw
el
l t
im
e.
5N
on
-in
te
rfe
re
nc
e 
He
ad
w
ay

Th
e c
om
bi
na
tio
n 
of
 th
e s
afe
 se
pa
ra
tio
n 
tim
e i
m
po
se
d 
by
 th
e t
ra
in
 
co
nt
ro
l a
nd
 si
gn
ali
ng
 sy
ste
m
, t
he
 lo
ng
es
t (
or
 cr
iti
ca
l) 
av
er
ag
e d
w
el
l 
tim
e a
lo
ng
 th
e l
in
e,
 an
d 
th
e o
pe
ra
tin
g 
m
ar
gi
n 
w
ill
 d
et
er
m
in
e t
he
 
m
in
im
um
 h
ea
dw
ay
 th
at
 ca
n 
be
 o
pe
ra
te
d 
alo
ng
 th
e r
ou
te
. 

Th
is 
m
in
im
um
 h
ea
dw
ay
 is
 k
no
w
n 
as
 th
e n
on
-in
ter
fer
en
ce 
he
ad
wa
y, 
be
ca
us
e a
s l
on
g 
as
 it
 ca
n 
be
 m
ain
ta
in
ed
, f
ol
lo
w
in
g 
tr
ain
s w
ill
 b
e 
ab
le
 to
 p
ro
ce
ed
 fr
om
 o
ne
 st
at
io
n 
to
 th
e n
ex
t w
ith
ou
t s
to
pp
in
g 
or
 
slo
w
in
g 
fo
r p
re
ce
di
ng
 tr
ain
s.
D
is
ta
nc
e–
Ti
m
e 
Pl
ot
 o
f T
w
o 
Su
cc
es
si
ve
 
Tr
ai
ns
So
ur
ce
: T
CR
P 
Re
po
rt
 1
3:
 R
ai
l T
ra
ns
it 
Ca
pa
ci
ty
Br
ak
in
g 
an
d 
ac
ce
le
ra
tio
n 
cu
rv
es
 o
m
itt
ed
 fo
r c
la
rit
y
Tu
rn
ba
ck
s

Ty
pi
ca
lly
 h
an
dl
e t
w
o 
tr
ain
s a
t o
nc
e i
n 
hi
gh
-c
ap
ac
ity
 si
tu
at
io
ns

Ti
m
e i
n 
tu
rn
ba
ck
in
clu
de
s:

Pa
sse
ng
er
 se
rv
ice
 ti
m
e

Ti
m
e 
fo
r d
riv
er
 to
 sw
itc
h 
en
ds
 o
f t
he
 tr
ain
 an
d 
pe
rfo
rm
 in
sp
ec
tio
ns
(c
an
 o
cc
ur
 d
ur
in
g 
pa
sse
ng
er
 se
rv
ice
 ti
m
e)

Ti
m
e 
to
 cl
ea
r c
ro
sso
ve
r i
n 
ad
va
nc
e 
of
 tu
rn
ba
ck

O
pe
ra
tin
g 
m
ar
gi
n
Ha
tf
ie
ld
 G
ov
er
nm
en
t C
en
te
r S
ta
tio
n,
 H
ill
sb
or
o,
 O
re
go
n
6Ju
nc
tio
ns

Lo
ca
tio
ns
 w
he
re
 li
ne
s m
er
ge
, d
ive
rg
e,
 o
r c
ro
ss 
at
-g
ra
de
 ca
n 
co
ns
tr
ain
 
ca
pa
cit
y, 
or
 in
tro
du
ce
 th
e l
ik
el
ih
oo
d 
of
 in
te
rfe
re
nc
e,
 w
he
n 
sc
he
du
le
d 
he
ad
 w
ay
s a
pp
ro
ac
h 
2 
to
 2
.5
 m
in
. 

Tw
o 
tr
ain
s m
ay
 n
ee
d 
to
 u
se
 th
e s
pa
ce
 w
he
re
 th
e t
ra
ck
s c
ro
ss,
 b
ut
 o
nl
y 
on
e t
ra
in
 ca
n 
oc
cu
py
 th
at
 sp
ac
e a
t a
 ti
m
e.

It 
is 
no
t d
es
ira
bl
e f
or
 o
ne
 tr
ain
 to
 h
av
e t
o 
w
ait
 fo
r a
no
th
er
. W
he
n 
m
or
e 
ca
pa
cit
y 
is 
re
qu
ire
d,
 g
ra
de
-se
pa
ra
te
d 
("
fly
in
g"
) j
un
ct
io
ns
 ar
e t
yp
ica
lly
 
us
ed
.
Fl
at
 ju
nc
tio
n,
 P
itt
sb
ur
gh
Fl
yi
ng
 ju
nc
tio
n,
 P
ar
is
Th
e m
in
im
um
 in
te
rv
al 
be
tw
ee
n 
tr
ain
s o
n 
a g
ive
n 
lin
e 
at
 an
 at
-g
ra
de
 
("
fla
t"
) j
un
ct
io
n 
is 
a c
om
bi
na
tio
n 
of
:
1.
Th
e t
im
e r
eq
ui
re
d 
fo
r a
n 
op
po
sin
g 
tr
ain
 to
 m
ov
e t
hr
ou
gh
 th
e 
ju
nc
tio
n,
2.
Th
e t
im
e r
eq
ui
re
d 
to
 m
ov
e (
"t
hr
ow
")
 an
d 
lo
ck
 th
e s
w
itc
he
s,
3.
Th
e d
el
ay
 in
cu
rr
ed
 in
 d
ec
el
er
at
in
g 
fro
m
 an
d 
ac
ce
le
ra
tin
g 
to
 li
ne
 
sp
ee
d,
 an
d
4.
Th
e m
in
im
um
 h
ea
dw
ay
 im
po
se
d 
by
 th
e s
ig
na
lin
g 
sy
ste
m
 o
n 
th
e l
in
e.
O
pe
ra
tio
n 
of
 a 
fla
t 
ju
nc
tio
n
Ra
il 
Ca
pa
ci
ty
 
M
et
ho
ds
Ch
ica
go
Ra
il 
Ca
pa
ci
ty

M
an
y 
va
ria
bl
es
 in
vo
lv
ed
: t
ra
in
 ch
ar
ac
te
ris
tic
s, 
sp
ee
d 
lim
its
, t
ra
in
 
an
d 
sid
in
g 
le
ng
th
s, 
sig
na
l s
ys
te
m
 ch
ar
ac
te
ris
tic
s, 
et
c.

Fo
rm
ul
as
 th
at
 es
tim
at
e m
in
im
um
 h
ea
dw
ay
s a
nd
 ca
pa
cit
ie
s b
as
ed
 
on
 o
pe
ra
tio
na
l p
er
fo
rm
an
ce
 m
ea
su
re
s p
ro
vi
de
 u
se
fu
l s
ur
ro
ga
te
s 
th
at
 ca
n 
be
 u
se
d 
to
 es
tim
at
e t
he
 ca
pa
cit
y 
of
 a 
lin
e o
r s
ys
te
m
 fo
r 
pl
an
ni
ng
 p
ur
po
se
s.

H
ow
ev
er
, c
om
pl
ex
 n
et
w
or
ks
, t
er
m
in
als
, a
nd
 sy
ste
m
s w
ith
 
co
m
pl
ica
te
d 
tr
ain
 o
pe
ra
tin
g 
pa
tte
rn
s a
re
 d
iff
icu
lt 
to
 an
aly
ze
. 

Fo
ur
 su
bs
ec
tio
ns
 fo
r r
ail
 ca
pa
cit
y 
an
aly
sis
 p
ur
po
se
s: 
1)
 a 
ge
ne
ra
l 
m
et
ho
do
lo
gy
 su
ita
bl
e t
o 
m
an
y 
ty
pe
s o
f r
ail
 tr
an
sit
 o
pe
ra
tio
ns
 
(e
.g.
, h
ea
vy
 ra
il,
 li
gh
t r
ail
, a
nd
 co
m
m
ut
er
 ra
il 
no
t s
ha
rin
g 
tr
ac
ka
ge
w
ith
 n
on
-c
om
m
ut
er
 tr
ain
s);
 2
)C
om
m
ut
er
 ra
il 
w
he
n 
tr
ac
ks
 ar
e 
sh
ar
ed
 3
) G
en
er
al 
m
et
ho
do
lo
gy
 fo
r A
G
T 
4)
 R
op
ew
ay
 ca
pa
cit
y
7Ge
ne
ra
l M
et
ho
do
lo
gy
Id
en
tif
y 
th
e 
w
ea
ke
st 
lin
k 
alo
ng
 th
e 
ra
il 
lin
e 
th
at
 w
ill
 u
lti
m
at
ely
 co
nt
ro
l t
ra
in
 
th
ro
ug
hp
ut
 b
y 
se
tti
ng
 th
e 
m
in
im
um
 h
ea
dw
ay
 th
at
 ca
n 
be
 o
pe
ra
te
d 
be
tw
ee
n 
tr
ain
s. 
Po
te
nt
ial
 w
ea
k 
lin
ks
:

D
w
el
l t
im
e 
at
 th
e 
co
nt
ro
lli
ng
 st
at
io
n 
alo
ng
 th
e 
lin
e;

M
in
im
um
 tr
ain
 se
pa
ra
tio
n 
all
ow
ed
 b
y 
th
e 
tr
ain
 co
nt
ro
l s
ys
te
m
;

Ri
gh
t-o
f-w
ay
 c
ha
ra
ct
er
ist
ic
s (
e.
g.
, s
in
gl
e-
tr
ac
k 
op
er
at
io
n)
;

Tu
rn
ba
ck
s;

Ju
nc
tio
ns
;

Po
w
er
 su
pp
ly
 co
ns
tr
ain
ts;

Tr
ain
 le
ng
th
 li
m
ita
tio
ns
; a
nd

Tr
ac
k 
co
nf
ig
ur
at
io
n 
w
ith
in
 te
rm
in
als
O
n 
a n
ew
 sy
ste
m
, t
he
 su
m
 o
f t
he
 co
nt
ro
lli
ng
 d
w
el
l t
im
e,
 th
e 
m
in
im
um
 tr
ain
 
se
pa
ra
tio
n,
 an
d 
th
e 
op
er
at
in
g 
m
ar
gi
n 
w
ill
 ty
pi
ca
lly
 co
nt
ro
l t
he
 li
ne
 ca
pa
cit
y.
St
ep
 1
: D
et
er
m
in
e 
th
e 
N
on
-in
te
rf
er
en
ce
 H
ea
dw
ay
 

1a
. D
et
er
m
in
e t
he
 m
ax
im
um
 lo
ad
 p
oi
nt
 (c
rit
ica
l) 
sta
tio
n

1b
. D
et
er
m
in
e t
he
 co
nt
ro
l s
ys
te
m
’s 
m
in
im
um
 tr
ain
 se
pa
ra
tio
n

1c
. D
et
er
m
in
e t
he
 av
er
ag
e d
w
el
l t
im
e a
t t
he
 cr
iti
ca
l s
ta
tio
n

1d
. S
el
ec
t a
n 
op
er
at
in
g 
m
ar
gi
n

1e
. N
on
-in
te
fe
re
nc
e h
ea
dw
ay
 =
Cr
iti
ca
l s
ta
tio
n 
av
er
ag
e d
w
el
l t
im
e +
M
in
im
um
 tr
ain
 se
pa
ra
tio
n 
+
O
pe
ra
tin
g 
m
ar
gi
n
St
ep
 lb
: D
et
er
m
in
e 
th
e 
Co
nt
ro
l S
ys
te
m
's
 M
in
im
um
 T
ra
in
 
Se
pa
ra
tio
n

M
in
im
um
 tr
ain
 se
pa
ra
tio
n 
as
so
cia
te
d 
w
ith
 th
re
e 
ty
pe
s o
f t
ra
in
 co
nt
ro
l 
sy
ste
m
s. 

1.
 T
hr
ee
-a
sp
ec
t f
ix
ed
-b
lo
ck
 si
gn
ali
ng
 sy
ste
m
, 

2.
 M
ul
tip
le
-c
om
m
an
d 
ca
b 
sig
na
lin
g,
 an
d 

3.
 M
ov
in
g-
bl
oc
k 
sig
na
lin
g 
sy
ste
m
.
81c
. D
et
er
m
in
e 
th
e 
av
er
ag
e 
dw
el
l t
im
e 
at
 th
e 
cr
iti
ca
l s
ta
tio
n
Th
e m
ain
 co
ns
tit
ue
nt
s o
f d
w
el
l t
im
e a
re
 as
 fo
llo
w
s:

Pa
sse
ng
er
 fl
ow
 ti
m
e a
t t
he
 b
us
ie
st 
do
or
,

Re
m
ain
in
g 
(u
nu
se
d)
 d
oo
r-
op
en
 ti
m
e,
 an
d

W
ait
in
g 
to
 d
ep
ar
t t
im
e (
w
ith
 d
oo
rs
 cl
os
ed
)
Fi
rs
t M
et
ho
d:
 A
ssi
gn
in
g 
a d
we
ll 
tim
e:
 1
5 
to
 2
0 
s f
or
 m
in
or
 
sta
tio
ns
 an
d 
30
 to
 4
5 
s f
or
 m
ajo
r s
ta
tio
ns
1d
. S
el
ec
t a
n 
op
er
at
in
g 
m
ar
gi
n

O
pe
ra
tin
g 
m
ar
gi
n 
sh
ou
ld
 b
e a
dd
ed
 to
 th
e m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
an
d 
dw
el
l t
im
e t
o 
cr
ea
te
 th
e c
lo
se
st 
su
sta
in
ab
le
 h
ea
dw
ay
 w
ith
ou
t 
in
te
rfe
re
nc
e.

Th
e r
ec
om
m
en
de
d 
pr
oc
ed
ur
e i
s t
o 
aim
 fo
r 2
5 
sa
nd
 b
ac
k 
do
w
n 
to
 2
0 
or
 ev
en
 to
 1
5 
s i
f n
ec
es
sa
ry
.

W
he
n 
a l
in
e a
lre
ad
y 
ex
ist
s, 
th
e o
pe
ra
tin
g 
m
ar
gi
n 
ca
n 
be
 se
le
ct
ed
 to
 
ac
co
m
m
od
at
e 9
5%
 o
f d
w
el
ls 
th
at
 o
cc
ur
 at
 th
e c
rit
ica
l s
ta
tio
n.
1e
. N
on
-i
nt
ef
er
en
ce
 h
ea
dw
ay
St
ep
 2
: D
et
er
m
in
e 
th
e 
M
in
im
um
 
H
ea
dw
ay
 B
as
ed
 o
n 
RO
W

Th
is 
ste
p 
is 
sk
ip
pe
d 
fo
r g
ra
de
-se
pa
ra
te
d 
ra
il

Ri
gh
t-o
f-w
ay
 (R
O
W
) t
yp
es
 co
ns
id
er
ed
:

Si
ng
le
-tr
ac
k,
 tw
o-
w
ay
 o
pe
ra
tio
n 
he
ad
w
ay

Tw
o 
tim
es
 (t
im
e f
or
 a 
tra
in
 to
 tr
av
er
se
 th
e s
ec
tio
n 
+
 o
pe
ra
tin
g m
ar
gi
n 
+
 
av
er
ag
e s
ta
tio
n 
dw
el
l t
im
e i
n 
se
ct
io
n,
 if
 an
y)

O
n-
str
ee
t o
pe
ra
tio
n 
he
ad
w
ay

G
re
at
er
 o
f (
tw
ice
 th
e t
ra
ffi
c s
ign
al 
cy
cle
 le
ng
th
) o
r (
he
ad
w
ay
 b
as
ed
 o
n 
av
er
ag
e 
dw
el
l t
im
e a
t c
rit
ica
l s
ta
tio
n)

St
at
io
n 
de
pa
rt
ur
es
 ad
jac
en
t t
o 
gr
ad
e 
cr
os
sin
gs

M
ay
 n
ee
d 
to
 in
cr
ea
se
 d
we
ll 
tim
e t
o 
ac
co
un
t f
or
 ga
te
-lo
we
rin
g t
im
e, 
w
he
n 
th
e 
ga
te
s a
re
 m
an
ua
lly
 ac
tiv
at
ed
 to
 m
in
im
ize
 d
el
ay
 to
 cr
os
s-s
tre
et
 tr
aff
ic

M
in
im
um
 h
ea
dw
ay
 is
 th
e 
hi
gh
es
t o
f t
he
 ap
pl
ica
bl
e 
RO
W
 h
ea
dw
ay
s 
St
ep
 3
: D
et
er
m
in
e 
th
e 
Li
m
iti
ng
 Ju
nc
tio
n 
H
ea
dw
ay

Th
is 
ste
p 
is 
sk
ip
pe
d 
w
he
n 
th
er
e a
re
 n
o 
at
-g
ra
de
 (f
lat
) j
un
ct
io
ns

M
ajo
r f
ac
to
rs
 in
flu
en
cin
g 
ju
nc
tio
n 
he
ad
w
ay
s:

Tr
ain
 co
nt
ro
l s
ep
ar
at
io
n

Tr
ain
 le
ng
th

M
ax
im
um
 li
ne
 sp
ee
d

Sw
itc
h 
an
gl
e 
(in
flu
en
ce
s s
pe
ed
 o
f t
ra
in
s s
w
itc
hi
ng
 to
 n
ew
 tr
ac
k)

O
pe
ra
tin
g 
m
ar
gi
n 
9St
ep
 4
: C
he
ck
 P
ow
er
 S
up
pl
y 
Li
m
ita
tio
ns

Th
e p
ow
er
 su
pp
ly
 fo
r a
 n
ew
 ra
il 
lin
e w
ill
 p
re
su
m
ab
ly
 b
e 
de
sig
ne
d 
to
 ac
co
m
m
od
at
e t
he
 n
um
be
r o
f t
ra
in
s p
lan
ne
d 
to
 b
e 
op
er
at
ed
.

H
ow
ev
er
, t
he
 p
ow
er
 su
pp
ly
 fo
r a
n 
ex
ist
in
g 
lin
e t
ha
t i
s b
ei
ng
 
co
ns
id
er
ed
 fo
r i
m
pr
ov
ed
 h
ea
dw
ay
s m
ay
 n
ot
 b
e c
ap
ab
le
 o
f 
su
pp
or
tin
g 
th
e a
dd
iti
on
al 
nu
m
be
r o
f t
ra
in
s w
ith
ou
t b
ei
ng
 
up
gr
ad
ed
. 

Th
e a
ve
ra
ge
 h
ea
dw
ay
 im
po
se
d 
by
 a 
gi
ve
n 
su
bs
ta
tio
n 
w
ill
 b
e a
 
fu
nc
tio
n 
of
 th
e n
um
be
r o
f t
ra
in
s t
he
 su
bs
ta
tio
n 
ca
n 
po
w
er
 at
 a 
tim
e a
nd
 th
e t
im
e r
eq
ui
re
d 
fo
r a
 tr
ain
 to
 tr
av
er
se
 th
e t
ra
ck
 
se
ct
io
n 
po
w
er
ed
 b
y 
th
e s
ub
sta
tio
n,
 in
clu
di
ng
 st
at
io
n 
sto
ps
.
St
ep
 5
: D
et
er
m
in
e 
th
e 
Co
nt
ro
lli
ng
 
H
ea
dw
ay

Co
nt
ro
lli
ng
 h
ea
dw
ay
 is
 th
e h
ig
he
st 
of
 th
e h
ea
dw
ay
s 
de
te
rm
in
ed
 fr
om

St
ep
 1
 (t
ra
in
 co
nt
ro
l s
ys
te
m
)

St
ep
 2
 (r
ig
ht
-o
f-w
ay
 ty
pe
)

St
ep
 3
 (l
im
iti
ng
 ju
nc
tio
n)

St
ep
 4
 (p
ow
er
 su
pp
ly
)
St
ep
 6
: C
he
ck
 T
er
m
in
al
 L
ay
ov
er
 (T
ur
nb
ac
k)
 T
im
e

Co
rr
ec
tly
 d
es
ig
ne
d 
an
d 
op
er
at
ed
 tu
rn
 b
ac
ks
 sh
ou
ld
 n
ot
 b
e 
a c
on
str
ain
t o
n 
ca
pa
cit
y.

Th
e 
w
or
st 
ca
se
 is
 b
as
ed
 o
n 
th
e 
ar
riv
in
g 
tr
ain
 (l
ow
er
 le
ft)
 b
ei
ng
 h
el
d 
at
 th
e 
cr
os
so
ve
r a
pp
ro
ac
h 
sig
na
l w
hi
le
 a 
tr
ain
 d
ep
ar
ts.
 It
 m
us
t, 
m
ov
in
g 
fro
m
 a 
sto
p,
 
tr
av
er
se
 th
e 
cr
os
so
ve
r a
nd
 b
e 
fu
lly
 b
er
th
ed
 in
 th
e 
sta
tio
n 
be
fo
re
 th
e 
ne
xt
 
ex
iti
ng
 tr
ain
 (l
ow
er
 ri
gh
t) 
ca
n 
le
av
e.
 T
he
 e
xi
tin
g 
tr
ain
 m
us
t t
he
n 
cle
ar
 th
e 
cr
os
so
ve
r a
nd
 th
e 
in
te
rlo
ck
in
gs
m
us
t b
e 
re
se
t b
ef
or
e 
an
ot
he
r t
ra
in
 ca
n 
en
te
r 
th
e 
sta
tio
n.

Th
e d
iff
er
en
ce
 b
et
w
ee
n 
th
e 
sc
he
du
le
d 
he
ad
w
ay
 an
d 
th
e t
im
e r
eq
ui
re
d 
to
 m
ak
e t
he
se
 m
an
eu
ve
rs
, d
ou
bl
ed
 fo
r a
 tw
o-
be
rt
h 
sta
tio
n 
su
ch
 as
 th
e 
on
e i
llu
str
at
ed
, i
s a
va
ila
bl
e f
or
 te
rm
in
al 
lay
ov
er
. T
he
 te
rm
in
al 
lay
ov
er
 
tim
e m
us
t b
e s
uf
fic
ie
nt
 to
 ac
co
m
m
od
at
e p
as
se
ng
er
 m
ov
em
en
ts,
 an
d 
all
ow
 ti
m
e f
or
 th
e d
riv
er
 to
 c
ha
ng
e e
nd
s, 
in
sp
ec
t t
he
 tr
ain
, a
nd
 c
he
ck
 
tr
ain
 in
te
gr
ity
 an
d 
br
ak
in
g.
10

Th
e m
ax
im
um
 ti
m
e a
va
ila
bl
e p
er
 tr
ac
k 
fo
r t
er
m
in
al 
lay
ov
er
 is
 g
ive
n 
by
St
ep
 7
: D
et
er
m
in
e 
Tr
ai
n 
Th
ro
ug
hp
ut
 
(L
in
e 
Ca
pa
ci
ty
)

Li
ne
 ca
pa
cit
y 
=
 (3
,6
00
 /
 co
nt
ro
lli
ng
 h
ea
dw
ay
), 
ro
un
de
d 
do
w
n 
St
ep
 8
: D
et
er
m
in
e 
Pe
rs
on
 C
ap
ac
ity

Pe
rs
on
 ca
pa
cit
y 
(p
er
so
ns
 p
er
 h
ou
r)
 =
Li
ne
 ca
pa
cit
y 
(tr
ain
s p
er
 h
ou
r)
 ×
Tr
ain
 le
ng
th
 (c
ar
s p
er
 tr
ain
) ×
Ca
r p
as
se
ng
er
 ca
pa
cit
y 
(p
er
so
ns
 p
er
 ca
r)
 ×
Pe
ak
 h
ou
r f
ac
to
r (
de
cim
al)
CA
LC
UL
AT
IO
N
 E
XA
M
PL
E:
 H
IG
H
-C
AP
AC
IT
Y 
H
EA
VY
 R
AI
L

A 
tr
an
sit
 ag
en
cy
 is
 p
lan
ni
ng
 to
 b
ui
ld
 a 
he
av
y 
ra
il 
tr
an
sit
 li
ne
 an
d 
w
an
ts 
to
 d
et
er
m
in
e t
he
 m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
po
ssi
bl
e w
ith
 a 
ca
b 
sig
na
lin
g 
sy
ste
m
 an
d 
w
ith
 a 
va
ria
bl
e s
afe
ty
 d
ist
an
ce
 m
ov
in
g-
bl
oc
k 
sig
na
lin
g 
sy
ste
m
.
1.
 W
ha
t i
s t
he
 m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
(ig
no
rin
g 
sta
tio
n 
dw
el
l t
im
e 
an
d 
op
er
at
in
g 
m
ar
gi
n 
ef
fe
ct
s) 
w
ith
 ea
ch
 ty
pe
 o
f s
ig
na
lin
g 
sy
ste
m
?
2.
 W
ha
t i
s t
he
 n
on
-in
te
rfe
re
nc
e h
ea
dw
ay
 w
ith
 ty
pi
ca
l d
w
el
ls 
an
d 
op
er
at
in
g 
m
ar
gi
ns
?
3.
 W
ha
t i
s t
he
 re
su
lta
nt
 li
ne
 ca
pa
cit
y 
fo
r a
 n
ew
 sy
ste
m
 w
ith
 h
ig
he
r-
qu
ali
ty
 lo
ad
in
g 
sta
nd
ar
ds
?

Th
e t
ra
ns
it 
ag
en
cy
 is
 p
lan
ni
ng
 to
 u
se
 tr
ain
s c
on
sis
tin
g 
of
 a 
m
ax
im
um
 
of
 ei
gh
t 7
5-
ft 
ca
rs
. T
ra
in
s w
ill
 o
pe
ra
te
 at
 a 
m
ax
im
um
 o
f 6
0 
m
i/
h 
(8
8 
ft/
s) 
an
d 
w
ill
 b
e t
ra
ve
lin
g 
at
 3
2 
m
i/
h 
( 4
7 
ft/
 s)
 w
he
n 
en
te
rin
g 
sta
tio
ns
 if
 th
e c
ab
 si
gn
ali
ng
 sy
ste
m
 is
 ch
os
en
, a
nd
 at
 3
4 
m
i/
h 
(5
0 
ft/
s) 
if 
a m
ov
in
g-
bl
oc
k 
sy
ste
m
 is
 se
le
ct
ed
.
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Ca
lc
ul
at
io
n 
Ex
am
pl
e:
 In
pu
t D
at
a
St
ep
 la
: D
et
er
m
in
e 
th
e 
M
ax
im
um
 L
oa
d 
Po
in
t 
St
at
io
n

Be
ca
us
e t
hi
s e
xa
m
pl
e a
dd
re
sse
s a
 ra
il 
lin
e t
ha
t d
oe
s n
ot
 ye
t 
ex
ist
, t
he
 d
w
el
l t
im
e s
el
ec
te
d 
in
 S
te
p 
1c
 (A
ve
ra
ge
 D
we
ll T
im
e a
t t
he
 
Cr
iti
ca
l S
ta
tio
n)
 sh
ou
ld
 re
fle
ct
 co
nd
iti
on
s a
t a
 m
ax
im
um
 lo
ad
 
po
in
t s
ta
tio
n.
 

St
ep
 lb
: D
ete
rm
in
e t
he
 C
on
tro
l S
yst
em
's 
M
in
im
um
 Tr
ai
n 
Se
pa
ra
tio
n

1. 
Ca
b S
ig
na
lin
g 
Eq
ua
tio
n 
m
od
ifi
ed
 
fo
r t
he
 cu
rr
en
t 
sit
ua
tio
n

M
ov
in
g-
Bl
oc
k 
Si
gn
ali
ng
Eq
ua
tio
n 
m
od
ifi
ed
 
fo
r t
he
 cu
rr
en
t 
sit
ua
tio
n
Th
e 
m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
at
 st
at
io
ns
 (i
gn
or
in
g 
th
e 
ef
fe
ct
s
of
 st
at
io
n 
dw
el
ls 
an
d 
an
 o
pe
ra
tin
g 
m
ar
gi
n 
at
 th
is 
po
in
t) 
w
ou
ld
 b
e 
49
.1
 s 
w
ith
 a 
ca
b
sig
na
lin
g 
sy
ste
m
 o
r 3
1.
2 
s w
ith
 a 
va
ria
bl
e 
sa
fe
ty
 d
ist
an
ce
 m
ov
in
g-
bl
oc
k 
sy
ste
m
12
St
ep
 lc
: D
et
er
m
in
e t
he
 A
ve
ra
ge
 D
we
ll 
Ti
m
e a
t t
he
 C
ri
tic
al
 
St
at
io
n

Fo
ur
 p
os
sib
le
 m
et
ho
ds
 fo
r d
et
er
m
in
in
g 
th
e c
on
tro
lli
ng
 d
w
el
ls 
av
ail
ab
le.
 

M
et
ho
d 
2,
 U
sin
g E
xis
tin
g D
we
ll T
im
e D
at
a, 
is 
no
t a
pp
lic
ab
le
 to
 a 
ne
w
 
sy
ste
m
. 

Th
e s
im
pl
es
t o
pt
io
n 
is 
to
 u
se
 M
et
ho
d 
1,
 w
hi
ch
 re
co
m
m
en
ds
 a 
ra
ng
e o
f d
w
el
l v
alu
es
 fr
om
 3
5 
to
 4
5 
s. 

If 
th
er
e a
re
 n
o 
in
di
ca
tio
ns
 o
f a
ny
 si
ng
le,
 ve
ry
 h
ig
h-
vo
lu
m
e s
ta
tio
ns
 
(w
he
re
 th
e m
or
e c
om
pl
ica
te
d 
dw
el
l c
alc
ul
at
io
ns
 sh
ou
ld
 b
e u
se
d)
 
th
en
 a 
m
ed
ian
 va
lu
e o
f 4
0 
s c
an
 b
e s
el
ec
te
d.
St
ep
 ld
: S
el
ec
t a
n 
O
pe
ra
tin
g 
M
ar
gi
n

20
 to
 2
5 
s s
ug
ge
ste
d 
as
 th
e b
es
t g
ui
de
. 

H
er
e,
 2
5 
s i
s s
el
ec
te
d 
to
 p
ro
vi
de
 b
et
te
r r
el
iab
ili
ty.
St
ep
 2
: D
et
er
m
in
e t
he
 M
in
im
um
 H
ea
dw
ay
 A
ss
oc
ia
te
d 
wi
th
 th
e 
Ri
gh
t-
of
-W
ay
 Ty
pe

St
ep
 2
 p
rim
ar
ily
 ap
pl
ie
s t
o 
lig
ht
 ra
il 
lin
es
 an
d 
th
er
ef
or
e c
an
 b
e s
ki
pp
ed
 
fo
r t
hi
s h
ea
vy
 an
aly
sis
.
St
ep
 3
: D
et
er
m
in
e t
he
 L
im
iti
ng
 Ju
nc
tio
n 
H
ea
dw
ay

As
 th
is 
w
ill
 b
e a
 n
ew
 li
ne
, i
t i
s a
ssu
m
ed
 th
at
 it
 w
ill
 b
e d
es
ig
ne
d 
so
 th
at
 
an
y 
ju
nc
tio
ns
 w
ill
 n
ot
 co
ns
tr
ain
 ca
pa
cit
y.
St
ep
 4
: C
he
ck
 P
ow
er
 S
up
pl
y C
on
st
ra
in
ts

As
 th
is 
w
ill
 b
e a
 n
ew
 li
ne
, i
t i
s a
ssu
m
ed
 th
at
 th
e p
ow
er
 sy
ste
m
 w
ill
 b
e 
de
sig
ne
d 
to
 ac
co
m
m
od
at
e 
th
e d
es
ire
d 
he
ad
w
ay
.
St
ep
 5
: D
et
er
m
in
e t
he
 C
on
tr
ol
lin
g 
H
ea
dw
ay

In
 th
e a
bs
en
ce
 o
f o
th
er
 co
ns
tr
ain
ts,
 th
e c
on
tro
lli
ng
 h
ea
dw
ay
 is
 th
e s
um
 
of
 th
e m
in
im
um
 tr
ain
 se
pa
ra
tio
n 
tim
e (
St
ep
 1
b)
, a
ve
ra
ge
 d
w
el
l t
im
e a
t 
th
e c
rit
ica
l s
ta
tio
n 
(S
te
p1
c)
, a
nd
 th
e o
pe
ra
tin
g 
m
ar
gi
n 
(S
te
p 
1d
).

Ca
b 
Si
gn
ali
ng
: 4
9.
1+
40
+
25
 =
 1
14
.1
 s

M
ov
in
g-
bl
oc
k 
Si
gn
ali
ng
: 3
1.
2+
40
+
25
 =
 9
6.
2 
s
St
ep
 6
: D
et
er
m
in
e T
er
m
in
al
 L
ay
ov
er
 T
im
e

As
 th
is 
w
ill
 b
e a
 n
ew
 li
ne
, i
t i
s a
ssu
m
ed
 th
at
 th
e t
er
m
in
als
 w
ill
 b
e 
de
sig
ne
d 
so
 as
 n
ot
 to
 co
ns
tr
ain
 ca
pa
cit
y.
St
ep
 7
: D
et
er
m
in
e T
ra
in
 T
hr
ou
gh
pu
t

36
00
/c
on
tro
lli
ng
 h
ea
dw
ay
.

Ca
b s
ig
na
lin
g: 
31
 tr
ai
ns
 p
er 
ho
ur

M
ov
in
g-
blo
ck
 si
gn
al
in
g: 
37
 tr
ai
ns
 p
er 
ho
ur
13
St
ep
 8
: D
et
er
m
in
e P
er
so
n 
Ca
pa
cit
y

In
 th
e a
bs
en
ce
 o
f a
 sp
ec
ifi
c v
eh
icl
e,
 th
e t
ex
t a
cc
om
pa
ny
in
g 
St
ep
 8
 in
 
TC
Q
SM
 in
di
ca
te
s t
ha
t a
 re
co
m
m
en
de
d 
co
m
fo
rt
ab
le
 h
ea
vy
 ra
il 
ca
r 
lo
ad
in
g 
fo
r a
 n
ew
 sy
ste
m
 is
 1
.8
 p
as
se
ng
er
s p
er
 li
ne
ar
 fo
ot
 o
f t
ra
in
 
le
ng
th
, i
nc
lu
siv
e o
f d
ive
rs
ity
 al
lo
w
an
ce
s.

At
 th
is 
lo
ad
in
g 
lev
el
, e
ac
h 
sp
ec
ifi
ed
 tr
ain
 o
f e
ig
ht
 7
5-
ft-
lo
ng
 ca
rs
 ca
n 
ca
rr
y 
8x
1.
8x
75
 =
 1
,0
80
 p
as
se
ng
er
s.

Pa
sse
ng
er
s p
er
 p
ea
k 
ho
ur
 d
ire
ct
io
n 
pe
r t
ra
ck
 =
 p
as
se
ng
er
s p
er
 tr
ain
 
nu
m
be
r o
f t
ra
in
s p
er
 h
ou
r. 
33
,4
80
 p
/h
/d
ir
fo
r c
ab
 si
gn
ali
ng
 an
d 
39
,9
60
 p
/h
/d
ir
fo
r m
ov
in
g-
bl
oc
k 
sig
na
lin
g. 
Th
an
k 
yo
u.
 
N
ex
t T
op
ic
: R
ai
l R
oa
d 
En
gi
ne
er
in
g 
In
tro
du
ct
io
n 
an
d 
Co
nc
ep
ts
1Ch
ap
te
r 4
 o
f U
rb
an
 Tr
an
sit
: O
pe
ra
tio
ns
 P
la
nn
in
g, 
an
d 
Ec
on
om
ics
 b
y V
uk
an
Vu
ch
in
Tr
an
si
t S
er
vi
ce
 P
la
nn
in
g:
 T
ra
ns
it 
Li
ne
s 
an
d 
N
et
w
or
ks
 
Ba
si
c 
Tr
an
si
t O
pe
ra
tio
na
l E
le
m
en
ts

Tr
an
si
t L
in
e:
In
fra
str
uc
tu
re 
an
d s
erv
ice
 pr
ov
id
ed
 al
on
g f
ixe
d l
in
es.
 

Tr
an
si
t R
ou
te
: S
im
ila
r t
o t
ra
ns
it 
lin
e b
ut
 is
 u
su
al
ly 
for
 st
ree
t 
tra
ns
it.

Tr
an
si
t N
et
w
or
k:
 Se
t o
f t
ra
ns
it 
lin
es 
th
at
 co
nn
ect
 w
ith
 or
 cr
oss
 
ea
ch
 ot
he
r
Tr
an
si
t L
in
e,
 a
nd
 n
et
w
or
k.
 

Fi
gu
re
 1
.1
Ba
si
c 
Tr
an
si
t O
pe
ra
tio
na
l E
le
m
en
ts

Li
ne
 le
ng
th
: O
ne
-w
ay
 d
ist
an
ce 
be
tw
ee
n 
th
e t
wo
 te
rm
in
al
s. 

N
et
w
or
k 
le
ng
th
: L
en
gt
h 
of 
al
l a
lig
nm
en
ts 
ser
ve
d 
by
 on
e o
r m
or
e 
lin
es.
 

To
ta
l l
in
e 
(r
ou
te
) l
en
gt
h:
 Su
m 
of 
al
l l
in
e l
en
gt
hs
, r
eg
ar
dl
ess
 
of 
wh
eth
er 
th
ey
 op
era
te 
al
on
e o
r o
ve
rla
p 
wi
th
 ot
he
r l
in
es.
 
2
Tr
an
si
t S
to
p:
Lo
ca
tio
n 
al
on
g a
 li
ne
 at
 w
hi
ch
 tr
an
sit
 ve
hi
cle
s s
to
p 
to
 pi
ck
up
 or
 dr
op
 of
f p
as
sen
ge
rs.
 

Tr
an
si
t S
ta
ti
on
: S
pe
cia
l S
tru
ctu
re 
an
d 
fac
ili
ty
 fo
r p
as
sen
ge
r 
bo
ar
di
ng
/a
lig
ht
in
g, 
wa
iti
ng
, a
nd
 tr
an
sfe
r. 

Tr
an
sf
er
 S
ta
ti
on
s:
Jo
in
t s
ta
tio
ns
 fo
r t
wo
 or
 m
or
e l
in
es 
at
 w
hi
ch
 
pa
sse
ng
ers
 ca
n 
tra
ns
fer
 be
tw
ee
n 
lin
es.
 

Te
rm
in
al
s: 
En
d s
ta
tio
ns
 on
 tr
an
sit
 li
ne
. S
om
e t
im
es 
th
is 
ter
m 
is 
al
so 
us
ed
 fo
r m
aj
or
 tr
an
sfe
r s
ta
tio
ns
. 

Fi
gu
re
 1
.1
 ag
ain
Tr
an
si
t r
ig
ht
-o
f-w
ay
 (R
OW
)

Fa
cil
ity
 u
se
d 
ex
clu
siv
ely
 b
y 
tr
an
sit
 ve
hi
cle
s.

D
eg
re
e o
f s
ep
ar
at
io
n 
fro
m
 o
th
er
 ve
hi
cle
s a
nd
 p
ed
es
tr
ian
s –
m
os
t i
m
po
rt
an
t f
or
 tr
an
sit
 o
pe
ra
tio
ns
, p
er
fo
rm
an
ce
, a
nd
 co
st 
ch
ar
ac
te
ris
tic
s. 

Tr
an
sit
 R
O
W
 C
las
sif
ica
tio
n:
 C
, B
, a
nd
 A
Tr
an
si
t R
OW

Ca
te
go
ry
 C
: S
ur
fac
e s
tre
et
 w
ith
 m
ix
ed
 tr
aff
ic.
 

Ca
te
go
ry
 B
: T
ra
ns
it 
is 
lo
ng
itu
di
na
lly
 p
hy
sic
all
y 
se
pa
ra
te
d 
fro
m
 o
th
er
 tr
aff
ic,
 b
ut
 n
ot
 at
 in
te
rs
ec
tio
ns
. 

Ca
te
go
ry
 A
: T
ra
ns
it 
ha
s f
ul
ly
 co
nt
ro
lle
d 
RO
W
 w
ith
ou
t g
ra
de
 
cr
os
sin
gs
 o
r a
ny
 le
ga
l a
cc
es
s b
y 
ot
he
r v
eh
icl
es
 o
r p
er
so
ns
. 
RO
W
 ca
teg
or
y A
 h
as
 h
ig
hl
y r
eli
ab
le 
pe
rfo
rm
an
ce
. H
ow
ev
er 
for
 R
OW
 B
 
an
d 
C,
 re
lia
bil
ity
 is
 d
ep
en
de
nt
 on
 tr
af
fic
 co
nd
iti
on
s a
lon
g t
he
 li
ne
. 
3Tr
an
si
t L
in
es
 a
nd
 N
et
w
or
ks
1.
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
cip
le
s, 
an
d 
Co
ns
id
er
at
io
ns
 
2.
G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s
3.
Ty
pe
s o
f T
ra
ns
it 
Li
ne
s a
nd
 T
he
ir 
Ch
ar
ac
te
ris
tic
s 
4.
Tr
an
sfe
rs
 in
 Tr
an
sit
 N
et
w
or
k
Tr
an
si
t L
in
es
 a
nd
 N
et
w
or
ks
1.
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
cip
le
s, 
an
d 
Co
ns
id
er
at
io
ns
 
2.
G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s
3.
Ty
pe
s o
f T
ra
ns
it 
Li
ne
s a
nd
 T
he
ir 
Ch
ar
ac
te
ris
tic
s 
4.
Tr
an
sfe
rs
 in
 Tr
an
sit
 N
et
w
or
k
1 
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
ci
pl
es
, a
nd
 
Co
ns
id
er
at
io
ns
 
O
bj
ec
tiv
es
 in
 P
lan
ni
ng
 a 
Tr
an
sit
 N
et
w
or
k:
 

Pe
rf
or
m
 M
ax
im
um
 Tr
an
sp
or
ta
ti
on
 W
or
k:
 Pr
ov
isi
on
 of
 
hi
gh
 tr
av
el 
sp
ee
d, 
pa
sse
ng
er 
co
nv
en
ien
ce,
 a
nd
 ot
he
r e
lem
en
ts 
th
at
 
at
tra
cts
 p
as
sen
ge
rs.
 

A
ch
ie
ve
 m
ax
im
um
 o
pe
ra
ti
on
 e
ffi
ci
en
cy
: M
in
im
um
 to
ta
l 
sys
tem
 co
st 
for
 a
 re
qu
ire
d 
pe
rfo
rm
an
ce 
lev
el.
 

Cr
ea
te
 P
os
it
iv
e 
Im
pa
ct
s: 
Sh
or
t-r
an
ge
 go
al
: R
ed
uc
tio
n 
of 
hi
gh
wa
y c
on
ge
sti
on
; L
on
g-
ra
ng
e g
oa
l: 
ac
hi
ev
em
en
t o
f h
ig
h 
po
pu
la
tio
n 
mo
bil
ity
, d
esi
ra
ble
 la
nd
 u
se 
pa
tte
rn
s, s
us
ta
in
ab
ili
ty,
 a
nd
 
hi
gh
 qu
al
ity
 of
 li
fe.
 
1.
1 
Pa
ss
en
ge
r A
ttr
ac
tio
n
Fe
at
ur
es
 th
at
 af
fe
ct
 tr
an
sit
 se
rv
ice
 q
ua
lit
y 
an
d 
in
flu
en
ce
 
pa
sse
ng
er
 at
tr
ac
tio
n:
 

Av
er
ag
e C
ov
er
ag
e

O
pe
ra
tin
g 
Sp
ee
d

Tr
av
el
 D
es
ire
 L
in
es

D
ire
ct
ne
ss 
of
 Tr
av
el

Si
m
pl
ici
ty,
 co
nn
ec
tiv
ity
, a
nd
 ea
sy
 tr
an
sfe
rs
 m
us
t b
e 
co
ns
id
er
ed
. 
4Av
er
ag
e 
Co
ve
ra
ge
: P
er
ce
nt
 o
f t
ot
al 
co
ve
ra
ge
 ar
ea
 th
at
 is
 w
ith
in
 5
-
m
in
ut
e (
pr
im
ar
y)
 an
d 
10
-m
in
ut
e (
se
co
nd
ar
y)
 w
alk
in
g 
di
sta
nc
e o
f t
ra
ns
it 
sta
tio
ns

It 
ca
n 
be
 o
bs
er
ve
d 
fro
m
 F
ig
ur
e t
ha
t d
ec
re
as
e i
n 
rid
er
sh
ip
 w
ith
 ac
ce
ss 
di
sta
nc
e i
s m
or
e r
ap
id
 fo
r S
tre
et
 Tr
an
sit
 th
an
 fo
r M
et
ro
 an
d 
Re
gi
on
al 
Ra
il,
 d
ue
 to
 h
ig
he
r l
ev
el
 o
f s
er
vi
ce
 th
e l
at
er
 m
od
es
 o
ffe
r. 

In
 sm
all
 an
d 
m
ed
iu
m
-s
ize
d 
ci
tie
s, 
th
e 
go
al 
sh
ou
ld
 b
e 
to
 ac
hi
ev
e 
hi
gh
 co
ve
ra
ge
 (8
0-
10
0%
).

In
 la
rg
e 
ci
tie
s, 
tr
ip
 le
ng
th
s a
re
 g
re
at
er
 an
d 
th
er
ef
or
e 
m
et
ro
 sy
ste
m
s a
re
 b
as
ic
 ca
rr
ie
rs
. H
ig
h 
ar
ea
 co
ve
ra
ge
 sh
ou
ld
 b
e 
on
e 
of
 th
e 
pr
im
ar
y 
pl
an
ni
ng
 g
oa
ls.
 
O
pe
ra
ti
ng
 S
pe
ed
: I
t i
s a
 fu
nc
tio
n 
of 
rig
ht
-o
f-w
ay
 ca
teg
or
y a
nd
 st
at
ion
 
sp
ac
in
g. 

St
re
et
 O
pe
ra
tio
ns
 (R
O
W
 C
): 
Sp
ee
d 
de
pe
nd
s o
n 
str
ee
t a
nd
 tr
aff
ic 
co
nd
iti
on
s.

Ra
pi
d T
ra
ns
it 
(R
O
W
 A
): 
St
at
io
n 
sp
ac
in
g 
is 
a m
ajo
r e
le
m
en
t 
in
flu
en
cin
g 
tr
av
el
 sp
ee
ds
. 
Tr
av
el
 D
es
ir
e 
Li
ne
s: 
Tr
an
sit
 li
ne
s s
ho
ul
d 
be
 d
es
ig
ne
d 
clo
se
ly
 to
 
m
ajo
r o
rig
in
-d
es
tin
at
io
n 
pa
tte
rn
s t
o 
at
tr
ac
t a
nd
 se
rv
e e
ffi
cie
nt
ly
 to
 
m
ax
im
um
 n
um
be
r o
f p
as
se
ng
er
s. 
Si
m
pl
ic
it
y,
 c
on
ne
ct
iv
it
y,
 a
nd
 e
as
y 
tr
an
sf
er
s: 
Th
es
e f
ea
tu
re
s 
ha
s t
o 
be
 co
ns
id
er
ed
 in
 d
es
ig
n 
as
 th
ey
 ar
e i
m
po
rt
an
t f
or
 p
as
se
ng
er
 
co
nv
en
ie
nc
e a
nd
 at
tr
ac
tio
n.
 

G
re
at
es
t O
pe
ra
tio
na
l S
im
pl
ici
ty
 is
 ac
hi
ev
ed
 b
y 
op
er
at
in
g 
lin
es
 
in
de
pe
nd
en
tly
 o
f e
ac
h 
ot
he
r w
ith
 e
as
y 
pa
sse
ng
er
 tr
an
sfe
rs
 am
on
g 
th
em
. S
om
e 
Ex
am
pl
es
 ar
e 
Pa
ris
 M
et
ro
 (F
ig
ur
e)
 an
d T
ok
yo
 S
ub
w
ay
. 
5
N
et
w
or
ks
 w
ith
 in
te
gr
at
ed
 (o
ve
rla
pp
in
g)
 li
ne
s, 
su
ch
 as
 N
ew
 Yo
rk
 C
ity
 
Su
bw
ay
 an
d W
as
hi
ng
to
n 
M
et
ro
 ar
e 
m
or
e 
co
nv
en
ie
nt
 fo
r p
as
se
ng
er
s 
be
ca
us
e 
th
ey
 al
lo
w
 m
or
e 
tr
ip
s t
o 
be
 m
ad
e 
w
ith
ou
t t
ra
ns
fe
rr
in
g. 
1.
2 
N
et
w
or
k 
Op
er
at
in
g 
Ef
fic
ie
nc
y

O
pe
ra
tin
g 
ef
fic
ie
nc
y 
re
pr
es
en
ts 
pe
rfo
rm
an
ce
 an
d 
co
st 
of
 
op
er
at
io
ns
. 

It 
is 
th
e m
ajo
r c
on
ce
rn
 o
f s
ec
on
d 
in
te
re
ste
d 
pa
rt
y 
–
op
er
at
or
/t
ra
ns
it 
ag
en
cy
.
M
aj
or
 D
et
er
m
in
an
ts
 o
f E
ffi
ci
en
cy
:

Co
nt
in
ui
ty
 an
d 
ba
lan
cin
g 
of
 li
ne
s o
r p
ro
vi
sio
n 
of
 d
ire
ct
 
se
rv
ice
s a
m
on
g 
ar
ea
s w
ith
 h
ea
vy
 tr
av
el
 d
em
an
d

O
pe
ra
tin
g 
fle
xi
bi
lit
y 
to
 p
ro
vi
de
 co
nn
ec
tio
ns
 b
et
w
ee
n 
lin
es

In
te
gr
at
io
n 
w
ith
 o
th
er
 m
od
es

Pr
op
er
 lo
ca
tio
n 
of
 te
rm
in
als
, d
ep
ot
s, 
an
d 
ya
rd
s

Co
st 
of
 th
e s
ys
te
m
1.
3 
N
et
w
or
k-
Ci
ty
 In
te
ra
ct
io
ns
To
 en
su
re
 th
at
 tr
an
sit
 sy
ste
m
 h
av
e p
os
iti
ve
 im
pa
ct
 an
d 
m
in
im
um
 
un
de
sir
ab
le
 ef
fe
ct
s, 
th
e f
ol
lo
w
in
g 
m
ajo
r f
ac
to
rs
 ar
e c
on
sid
er
ed
. 

La
nd
 u
se
: m
ajo
r f
ac
to
r

To
po
gr
ap
hy
 an
d 
en
vi
ro
nm
en
t
Tr
an
si
t L
in
es
 a
nd
 N
et
w
or
ks
1.
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
cip
le
s, 
an
d 
Co
ns
id
er
at
io
ns
 
2.
G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s
3.
Ty
pe
s o
f T
ra
ns
it 
Li
ne
s a
nd
 T
he
ir 
Ch
ar
ac
te
ris
tic
s 
4.
Tr
an
sfe
rs
 in
 Tr
an
sit
 N
et
w
or
k
62.
 G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s

Pa
sse
ng
er
s t
en
d 
to
 p
re
fe
r f
re
qu
en
t, 
fas
t s
er
vi
ce
s o
ve
r 
in
fre
qu
en
t, 
slo
w
er
 o
ne
s a
nd
 ac
ce
pt
 lo
ng
er
 w
alk
in
g 
ac
ce
ss 
to
 
su
ch
 li
ne
s. 

Tr
an
sit
 n
et
w
or
ks
 d
es
ig
ne
d 
by
 co
nt
em
po
ra
ry
 p
rin
cip
le
s h
av
e 
fe
w
er
 li
ne
s. 

Th
e s
pa
cin
g's
 am
on
g 
th
e t
ra
ns
it 
lin
es
 ar
e g
re
at
er
, b
ut
 m
or
e o
f 
th
em
 h
av
e h
ig
he
r t
yp
es
 o
f R
O
W
 A
, B
, o
r p
re
fe
re
nt
ial
 
tre
at
m
en
t. 
Th
er
ef
or
e h
ig
he
r s
pe
ed
s a
nd
 re
lia
bi
lit
y. 
D
iff
er
en
t g
eo
m
et
ric
 el
em
en
ts 
of
 tr
an
sit
 li
ne
s w
ill
 b
e d
isc
us
se
d 
in
 d
et
ail
. 1
.S
pa
cin
g 
2.
 L
en
gt
h 
3.
 A
lig
nm
en
t 4
. I
nt
er
co
nn
ec
tio
ns
 
am
on
g 
lin
es
2.
1 
Sp
ac
in
g 
of
 P
ar
al
le
l L
in
es

If 
th
e 
re
qu
ire
d 
se
rv
ice
 is
 
pr
ov
id
ed
 b
y 
n 
lin
es
, t
he
ir 
op
tim
um
 lo
ca
tio
ns
 fo
r 
m
in
im
um
 ac
ce
ss 
di
sta
nc
e 
is 
sh
ow
n 
in
 fi
gu
re
. 

Th
e 
di
sta
nc
e 
of
 e
ac
h 
ith
lin
e 
fro
m
 le
ft 
bo
un
da
ry
 (W
i) 
is 
ca
lcu
lat
ed
 u
sin
g…
-
Th
ere
for
e, 
for
 2
 li
ne
s, t
he
 se
co
nd
 
lin
e i
s a
t a
 d
ist
an
ce 
of 
3W
/4
. 
-
Fo
r n
=
3,
 th
e t
hi
rd
 li
ne
 i=
3,
 is
 
5W
/6
 fr
om
 th
e l
eft
 bo
un
da
ry.

Fr
eq
ue
nc
y 
of
 se
rv
ice
 o
n 
ea
ch
 
lin
e i
s f
 =
 F
/n
.

Av
er
ag
e a
nd
 m
ax
im
um
 ac
ce
ss 
di
sta
nc
e t
o 
th
e l
in
es
 L
a
an
d 
  
L a
 m
ax
, r
es
pe
ct
ive
ly
 ar
e:
-P
ro
bl
em
: I
f a
 co
rr
id
or
 w
id
th
 
is 
W
=
12
00
m
, r
eq
ui
re
d 
to
ta
l 
se
rv
ice
 fr
eq
ue
nc
y 
is 
F=
12
TU
/h
, 
w
ha
t a
re
 th
e 
lin
e 
de
sig
ns
 fo
r 1
, 2
 
an
d 
3 
nu
m
be
r o
f t
ra
ns
it 
lin
es
.
2.
2 
Li
ne
 L
en
gt
hs

Lo
ng
 li
ne
s a
dv
an
ta
ge
s:
1)
 T
he
y 
se
rv
e m
or
e t
rip
s t
ha
n 
sh
or
t l
in
es
. A
 li
ne
 w
ith
 K
 st
at
io
ns
 o
ffe
rs
 
di
re
ct
 se
rv
ice
 to
 K
(K
-1
)/
2 
sta
tio
ns
-to
-st
at
io
n 
tw
o 
w
ay
 li
nk
s; 
if 
it 
is 
ex
te
nd
ed
 b
y 
on
e s
ta
tio
n,
 K
 ad
di
tio
na
l l
in
ks
 ar
e s
er
ve
d;
 an
ot
he
r s
ta
tio
n 
ad
ds
 K
+
1 
lin
ks
. 
Ex
am
pl
e: 
a l
in
e w
ith
 1
0 
sta
tio
ns
 se
rve
s 1
0(
10
-1
)/
2 
=
 4
5 
bid
ire
cti
on
al
 li
nk
s. I
f 
it 
is 
ex
ten
de
d 
by
 on
e s
ta
tio
n, 
it 
ser
ve
s 1
0 
mo
re 
bid
ire
cti
on
al
 li
nk
s. I
f a
 li
ne
 w
ith
 
20
 st
at
ion
s i
s e
xte
nd
ed
 by
 on
e s
ta
tio
n, 
its
 n
um
be
r o
f l
in
ks 
in
cre
as
es 
fro
m 
19
0 
to
 
21
0, 
or
 2
0 
mo
re.
 
2)
 T
he
y 
ha
ve
 sm
all
er
 p
or
tio
n 
of
 te
rm
in
al 
tim
e (
ch
an
gi
ng
 en
ds
 o
f t
ra
in
, o
r 
tu
rn
in
g 
ve
hi
cle
s o
r t
ra
in
s a
ro
un
d 
a l
oo
p)
. 

Lo
ng
 L
in
es
 D
is
ad
va
nt
ag
es
: L
es
s e
ffi
cie
nt
 sc
he
du
lin
g. 
Lo
ng
 cy
cle
 
tim
es
 ar
e d
iff
icu
lt 
to
 fi
t i
nt
o 
sh
ift
s. 
Th
ey
 m
ay
 al
so
 h
av
e a
 p
ro
bl
em
 o
f 
m
ajo
r d
el
ay
 p
ro
pa
ga
tio
n.
 
7Pl
an
ni
ng
 a 
ra
di
al 
m
et
ro
 li
ne
s 
fro
m
 ce
nt
er
 ci
ty
: 

Ty
pi
ca
lly
 ra
di
al 
ra
il 
lin
es
 ar
e 
co
m
pl
em
en
te
d 
by
 fe
ed
er
 
bu
s r
ou
te
s a
nd
/o
r P
+
R 
fac
ili
tie
s. 

Sh
or
t m
et
ro
 li
ne
: l
ar
ge
 
po
rt
io
n 
of
 ri
de
rs
 m
us
t 
tr
an
sfe
r t
o 
le
ss 
ef
fic
ie
nt
 
fe
ed
er
 b
us
 ro
ut
es
. 

Li
ne
 ex
te
nd
 fa
r i
nt
o 
su
bu
rb
: n
o 
ne
ed
 fo
r f
ee
de
r 
lin
es
. 

Ci
rc
ui
to
us
 ro
ut
in
g 
fo
r 
co
lle
ct
in
g/
di
str
ib
ut
in
g 
pa
sse
ng
er
s i
n 
lo
w
 
de
ns
ity
 su
bu
rb
s: 
Ac
ce
pt
ab
le
 at
 o
nl
y 
en
d 
se
ct
io
ns
 o
f l
in
es
 (a
). 

H
ow
ev
er
 it
 sh
ou
ld
 n
ot
 
be
 u
se
d 
at
 m
id
ro
ut
e
as
 
th
ey
 m
ay
 cr
ea
te
 d
el
ay
s 
fo
r p
as
se
ng
er
s f
ro
m
 
ou
te
r a
re
as
 (b
). 

W
he
n 
pa
sse
ng
er
 
vo
lu
m
e 
is 
su
bs
ta
nt
ial
, 
th
is 
se
rv
ice
 sh
ou
ld
 b
e 
pr
ov
id
ed
 b
y 
tw
o 
se
pa
ra
te
 li
ne
s (
c)
. 
2.
3 
Li
ne
 A
lig
nm
en
ts
2.
4 
In
de
pe
nd
en
t v
er
su
s 
In
te
gr
at
ed
 L
in
es

Th
er
e 
ar
e 
tw
o 
ba
sic
 ty
pe
s o
f t
ra
ns
it 
lin
es
 1
)in
de
pe
nd
en
t l
in
es
 an
d 
2)
in
te
gr
at
ed
 li
ne
s.

Th
ey
 ar
e 
di
ffe
re
nt
 w
ith
 re
sp
ec
t t
o 
ne
tw
or
ks
 th
ey
 fo
rm
, t
he
 se
rv
ice
 th
ey
 
pr
ov
id
e,
 an
d 
th
e 
op
er
at
io
ns
 th
ey
 p
er
fo
rm
. 

Th
ei
r u
se
 ca
n 
be
 ap
pl
ie
d 
in
 m
od
es
: b
us
, L
RT
, m
et
ro
, a
nd
 re
gi
on
al 
ra
il.
 
In
de
pe
nd
en
t L
in
es

Th
ey
 h
av
e i
nd
ep
en
de
nt
 al
ig
nm
en
ts,
 
w
ith
ou
t o
ve
rla
p 
w
ith
 o
th
er
 li
ne
s. 

Si
m
pl
e t
o 
op
er
at
e,
 b
ut
 th
ei
r u
til
iza
tio
n 
of
 
of
fe
re
d 
ca
pa
cit
y 
is 
lo
w
 b
ec
au
se
 al
l T
us
 
op
er
at
e t
he
 en
tir
e l
en
gt
h,
 w
hi
le
 th
ei
r 
lo
ad
 fa
ct
or
 m
ay
 d
ec
re
as
e a
s p
as
se
ng
er
 
vo
lu
m
e d
ro
p 
to
w
ar
ds
 th
e e
nd
. 

Ex
am
pl
e: 
As
su
me
 fr
eq
ue
nc
y o
n 
ea
ch
 
lin
e=
15
TU
/h
 (4
 m
in
 h
ea
dw
ay
 [h
]).
 A
ssu
me
 
pa
sse
ng
ers
 ca
n 
tra
ve
l b
etw
ee
n 
an
y t
wo
 st
at
ion
s 
of 
th
e n
etw
or
k w
ith
 at
 m
ost
 on
e t
ra
ns
fer
. T
he
n 
to
ta
l a
ve
ra
ge
 w
ai
tin
g t
im
e i
s 4
 m
in
ut
es 
(h
/2
 
at
 or
ig
in
 a
nd
 h
/2
 at
 tr
an
sfe
r s
ta
tio
n)
.
8In
te
gr
at
ed
 L
in
es

Th
ey
 h
av
e b
ra
nc
he
s, 
co
nv
er
ge
, d
ive
rg
e,
 
an
d 
m
ut
ua
lly
 o
ve
rla
p 
on
 p
or
tio
ns
 o
f 
th
ei
r a
lig
nm
en
ts.
 

Th
es
e l
in
es
 ca
n 
be
 sc
he
du
le
d 
to
 fi
t t
he
 
pa
sse
ng
er
 vo
lu
m
es
 b
et
te
r t
ha
n 
in
de
pe
nd
en
t l
in
es
.

M
or
e s
ta
tio
n-
to
-st
at
io
n 
se
rv
ice
, a
nd
 
nu
m
be
r o
f p
as
se
ng
er
 tr
an
sfe
rs
 is
 lo
w
er
. 

Ex
am
pl
e: 
He
re 
15
 li
ne
s a
re 
op
era
ted
 in
ste
ad
 
of 
3. 
Si
nc
e t
he
re 
ar
e d
ire
ct 
lin
es,
 n
o n
ee
d 
for
 
tra
ns
fer
. H
ow
ev
er 
15
TU
/h
 is
 di
str
ibu
ted
 on
 5
 
lin
es.
 Th
ere
for
e f
req
ue
nc
y o
f s
erv
ice
 on
 ea
ch
 
lin
e i
s 3
TU
/h
. H
ea
dw
ay
 =
20
 m
in
. A
vg
wa
iti
ng
 ti
me
=
h/
2=
10
mi
n. 

N
et
w
or
ks
 w
ith
 n
 te
rm
in
als
 an
d 
lin
e f
re
qu
en
cie
s f
 o
pe
ra
te
d 
w
ith
 in
de
pe
nd
en
t a
nd
 in
te
gr
at
ed
 li
ne
s. 
In
de
pe
nd
en
t L
in
es
 o
r I
nt
eg
ra
te
d 
Li
ne
s?

In
de
pe
nd
en
t l
in
es
 ar
e u
se
d 
m
os
tly
 o
n 
ve
ry
 h
ea
vi
ly
 u
se
d 
m
et
ro
 
ne
tw
or
ks
.

So
m
e p
lan
ne
r a
nd
 o
pe
ra
to
rs
 th
in
k 
in
de
pe
nd
en
t l
in
e 
op
er
at
io
n 
is 
op
tim
um
 fo
r r
ail
 tr
an
sit
 n
et
w
or
ks
. 

W
hi
le
 it
 m
ay
 b
e t
ru
e f
or
 so
m
e c
iti
es
, i
t i
s n
ot
 fo
r m
an
y 
ot
he
rs
. 

Ex
am
pl
es
 o
f i
nt
eg
ra
te
d 
lin
e o
pe
ra
tio
ns
: C
hi
ca
go
, N
ew
 Yo
rk
, 
Sa
n 
Fr
an
cis
co
 B
AR
T,
 an
d W
as
hi
ng
to
n 
M
et
ro
. 
9NY
C 
In
teg
ra
ted
 M
etr
o N
etw
or
k F
ea
tu
res
:

Th
re
e 
pa
ra
lle
l l
in
es
 w
ith
 m
ul
tip
le
 
se
ct
io
ns
 at
 al
l t
hr
ee
 o
ut
w
ar
d 
se
ct
io
ns
.

Tw
o 
of
 th
e 
tr
un
k 
lin
es
 (l
in
es
 1
-3
, 9
, 
an
d 
4-
6)
 w
ith
 co
nv
er
gi
ng
 b
ra
nc
he
s 
on
 b
ot
h 
sid
es
. 

M
ul
tip
le
 tr
ac
ks
 o
n 
m
an
y 
se
ct
io
ns
 o
f 
th
e 
lin
es
, w
ith
 d
iff
er
en
t l
in
es
 u
sin
g 
se
pa
ra
te
 p
air
s.

Sk
ip
-st
op
 o
pe
ra
tio
ns
 o
n 
so
m
e 
se
ct
io
ns
 (n
or
th
 e
nd
 o
f l
in
es
 1
 an
d 
9)

Lo
ca
l e
xp
re
ss 
op
er
at
io
ns
 o
n 
se
ve
ra
l 
lo
ng
 li
ne
 se
ct
io
ns
.
Tr
an
si
t L
in
es
 a
nd
 N
et
w
or
ks
1.
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
cip
le
s, 
an
d 
Co
ns
id
er
at
io
ns
 
2.
G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s
3.
Ty
pe
s o
f T
ra
ns
it 
Li
ne
s a
nd
 T
he
ir 
Ch
ar
ac
te
ris
tic
s 
4.
Tr
an
sfe
rs
 in
 Tr
an
sit
 N
et
w
or
k
3.
 T
yp
es
 o
f T
ra
ns
it 
Li
ne
s 
an
d 
Th
ei
r 
Ch
ar
ac
te
ris
tic
s

G
eo
m
et
ric
 fo
rm
 an
d 
ali
gn
m
en
t i
n 
th
e c
ity
 
gi
ve
 tr
an
sit
 li
ne
s 
ce
rt
ain
 o
pe
ra
tio
na
l a
nd
 
fu
nc
tio
na
l 
ch
ar
ac
te
ris
tic
s. 

Al
th
ou
gh
 so
m
e l
in
es
 
ha
ve
 ir
re
gu
lar
 fo
rm
s, 
m
an
y 
ca
n 
be
 cl
as
sif
ie
d 
in
to
 se
ve
ra
l b
as
ic 
ty
pe
s. 

Ra
di
al
: 1
1;

D
iam
et
ric
al
: 1
, 3
, 4
, 
7,
 8
, 9
, 1
2,
 an
d 
14

Ta
ng
en
tia
l: 
5 
an
d 
10

C
irc
um
fe
re
nt
ial
: 2
 
an
d 
6

Tr
un
k 
w
ith
 b
ra
nc
he
s: 
13

Tr
un
k 
w
ith
 fe
ed
er
: 
3/
3b
, 7
/7
b

Lo
op
s: 
on
 li
ne
s 7
b 
an
d 
10
10

Ci
rc
le
 li
ne
, a
s w
el
l 
as
 m
an
y 
di
am
et
ric
al 
lin
es
 ar
e f
ou
nd
 o
n 
th
e M
os
co
w
 
ne
tw
or
k.
 
Tr
un
k 
Li
ne
s 
w
ith
 B
ra
nc
he
s 
an
d 
Fe
ed
er
s

Ra
di
al 
tr
an
sit
 li
ne
s h
av
e 
th
e 
hi
gh
es
t p
as
se
ng
er
 v
ol
um
es
.

St
ar
tin
g 
as
 h
ea
vi
ly
 tr
av
el
le
d 
tr
un
k 
lin
es
 fr
om
 th
e 
ci
ty
 
ce
nt
er
 o
ut
w
ar
d,
 th
ey
 d
iv
id
e 
in
to
 g
re
at
 n
um
be
r o
f l
in
es
 w
ith
 
lo
w
 lo
ad
s s
er
vi
ng
 la
rg
e 
ar
ea
s 
w
hi
ch
 ar
e 
of
te
n 
lo
w
 d
en
sit
y 
su
bu
rb
an
 ar
ea
s.

By
 th
e 
de
sig
n 
an
d 
op
er
at
io
n,
 
th
es
e 
di
str
ib
ut
ed
 li
ne
s m
ay
 b
e 
of
 tw
o 
ty
pe
s 1
. t
ho
se
 th
at
 
pr
ov
id
e 
di
re
ct
 se
rv
ic
e 
fro
m
 th
e 
tr
un
k 
ar
e 
br
an
ch
es
 2
. o
th
er
s, 
w
hi
ch
 o
pe
ra
te
 in
de
pe
nd
en
tly
 
fro
m
 tr
un
k 
lin
e 
sta
tio
ns
 in
 
ou
tw
ar
d 
di
re
ct
io
ns
 w
hi
ch
 ar
e 
ca
lle
d 
fe
ed
er
s
Br
an
ch
es
 V
s.
 F
ee
de
rs
Ex
am
pl
e:
 
11
Tr
an
si
t L
in
es
 a
nd
 N
et
w
or
ks
1.
Pl
an
ni
ng
 O
bj
ec
tiv
es
, P
rin
cip
le
s, 
an
d 
Co
ns
id
er
at
io
ns
 
2.
G
eo
m
et
ry
 o
f T
ra
ns
it 
Li
ne
s
3.
Ty
pe
s o
f T
ra
ns
it 
Li
ne
s a
nd
 T
he
ir 
Ch
ar
ac
te
ris
tic
s 
4.
Tr
an
sfe
rs
 in
 Tr
an
sit
 N
et
wo
rk
4.
 T
ra
ns
fe
rs
 in
 T
ra
ns
it 
N
et
w
or
k

Tr
an
sfe
rs
: T
o 
ac
hi
ev
e i
nt
er
m
od
al 
in
te
gr
at
io
n 
of
 d
iff
er
en
t 
lin
es
, a
s w
el
l a
s i
nt
er
m
od
al 
in
te
gr
at
io
n.
 

Tr
an
sfe
rs
 in
vo
lv
ed
 ce
rt
ain
 p
as
se
ng
er
 re
sis
ta
nc
e 
be
ca
us
e t
he
y 
in
te
rr
up
t t
ra
ve
l. 
So
m
e d
el
ay
 is
 al
so
 ca
us
ed
. 

Tr
an
sit
 n
et
w
or
k 
w
ith
 m
an
y 
tr
an
sfe
r o
pp
or
tu
ni
tie
s o
ffe
r 
pa
sse
ng
er
s m
uc
h 
gr
ea
te
r s
el
ec
tio
n 
of
 tr
av
el
 p
at
hs
 w
he
n 
co
m
pa
re
d 
to
 tr
an
sit
 n
et
w
or
ks
 th
at
 in
vo
lv
e l
itt
le
 o
r n
o 
tr
an
sfe
rr
in
g.
Cl
as
si
fic
at
io
n 
of
 T
ra
ns
fe
rs
 b
y 
H
ea
dw
ay
 L
en
gt
h

Fo
r t
he
 cl
as
sif
ica
tio
n 
pu
rp
os
e,
 tr
an
sit
 li
ne
s a
re
 cl
as
sif
ie
d 
in
to
 th
os
e 
w
ith
 sh
or
te
r h
ea
dw
ay
s (
ge
ne
ra
lly
 <
 o
r e
qu
al 
to
 1
0 
m
in
ut
es
) a
nd
 
tr
an
sit
 li
ne
s w
ith
 lo
ng
 h
ea
dw
ay
s (
>
10
 m
in
ut
es
). 

Tr
an
sfe
rs
 b
et
w
ee
n 
th
es
e t
ra
ns
it 
lin
es
 ca
n 
no
w
 b
e c
las
sif
ie
d 
by
 th
e 
he
ad
w
ay
s o
f o
rig
in
at
in
g 
an
d 
de
sti
na
tio
n 
lin
es
 in
to
 fo
ur
 ca
se
s, 
A 
th
ro
ug
h 
D.
 

Ca
se
 A
 (S
ho
rt
-t
o-
sh
or
t h
ea
dw
ay
) a
nd
 B
 (l
on
g-
to
-s
ho
rt
 h
ea
dw
ay
): 
Tr
an
sfe
rr
in
g 
fro
m
 an
y 
lin
e,
 w
ith
 sh
or
t o
r l
on
g 
he
ad
w
ay
, t
o 
a l
in
e 
w
ith
 sh
or
t 
he
ad
w
ay
 in
vo
lv
es
 sh
or
t t
ra
ns
fe
r t
im
es
. 

Ca
se
 C
: S
ho
rt
-t
o-
lo
ng
 h
ea
dw
ay
: T
hi
s i
s r
ev
er
se
 o
f c
as
e 
B.
 S
uc
h 
tr
an
sfe
rs
 
m
ay
 in
vo
lv
e 
w
ait
in
g 
tim
es
 th
at
 va
ry
 fr
om
 ve
ry
 sh
or
t o
ne
s t
o 
th
os
e 
clo
se
 to
 
th
e 
lo
ng
 h
ea
dw
ay
 o
n 
th
e 
lin
e 
to
 w
hi
ch
 th
e 
pa
sse
ng
er
 is
 tr
an
sfe
rr
in
g. 
Th
er
ef
or
e,
 th
e 
de
lay
 va
rie
s r
an
do
m
ly.

Ca
se
 D
: L
on
g-
to
-l
on
g 
he
ad
wa
y: 
Fu
rt
he
r c
las
sif
ie
d 
in
to
 3
 su
bc
as
es
. 
Ca
se
 D
1: 
Lo
ng
-to
-lo
ng
 e
qu
al 
he
ad
w
ay
s s
yn
ch
ro
ni
ze
d:
 TU
s f
ro
m
 th
e c
on
ne
ct
in
g 
lin
es
 
ar
riv
e a
t t
he
 sa
m
e t
im
es
, i
n 
co
ns
ta
nt
 in
te
rv
als
 an
d 
dw
el
l f
or
 a 
fe
w
 m
in
ut
es
 to
 ex
ch
an
ge
 p
as
se
ng
er
s a
m
on
g 
all
 
TU
’s.
Th
is 
is 
ca
lle
d 
tim
ed
 tr
an
sfe
r s
ys
te
m
. 
Ca
se
 D
2: 
Lo
ng
-to
-lo
ng
, e
qu
al 
he
ad
w
ay
s: 
N
o 
ov
er
la
pp
in
g. 
TU
 ar
riv
es
 o
n 
di
ffe
re
nt
 
co
nn
ec
tin
g 
lin
es
 ar
e 
alw
ay
s i
n 
th
e 
sa
m
e 
tim
e 
se
qu
en
ce
., 
It 
is 
po
ss
ib
le
 to
 m
ak
e 
co
nv
en
ie
nt
 tr
an
sfe
rs
 fr
om
 
on
e 
lin
e 
to
 an
ot
he
r(
e.
g.
, M
 li
ne
 to
 N
), 
bu
t n
ot
 in
 th
e 
op
po
sit
e 
di
re
ct
io
n 
(N
 to
 M
). 
Fo
r e
xa
m
pl
e,
 if
 li
ne
 M
 
ar
riv
es
 at
 0
7,
 2
7,
 an
d 
47
 m
in
ut
es
 af
te
r e
ac
h 
ho
ur
 an
d 
lin
e 
N
 ar
riv
es
 at
 1
0,
 3
0,
 an
d 
50
 m
in
ut
es
 af
te
r e
ac
h 
ho
ur
, M
 to
 N
 tr
an
sfe
r i
nv
ol
ve
s o
nl
y 
3-
m
in
ut
e 
w
ait
, b
ut
 N
 to
 M
 tr
an
sfe
r r
eq
ui
re
s 1
7-
m
in
ut
es
 w
ait
.
Ca
se
 D
3: 
Lo
ng
-to
-lo
ng
, d
iff
er
en
t h
ea
dw
ay
s: 
N
o 
co
-o
rd
in
at
io
n 
is 
po
ss
ib
le
. T
ra
ns
fe
r t
im
es
 
ar
e 
ra
nd
om
 an
d 
th
ey
 ca
n 
ap
pr
oa
ch
 th
e 
he
ad
w
ay
 le
ng
th
 o
n 
th
e 
de
sti
na
tio
n 
lin
e.
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Cl
as
si
fic
at
io
n 
of
 T
ra
ns
fe
rs
 b
y 
Ty
pe
 o
f L
in
e

Th
e n
um
be
r o
f t
ra
ns
fe
rs
 an
d 
ch
ar
ac
te
r o
f t
ra
ns
fe
rs
 ar
e i
nf
lu
en
ce
d 
co
ns
id
er
ab
ly
 b
y 
tw
o 
as
pe
ct
s o
f l
in
es
 am
on
g 
w
hi
ch
 tr
an
sfe
rs
 ta
ke
 p
lac
e.
 

1.
 R
el
at
io
ns
hi
p 
of
 li
ne
 to
 th
e t
ra
ns
fe
r p
oi
nt
: w
he
th
er
 it
 te
rm
in
at
es
 o
r 
pa
sse
s t
hr
ou
gh
 it
. I
n 
th
is 
re
sp
ec
t, 
lin
es
 ar
e r
ef
er
re
d 
as
 te
rm
in
at
in
g 
(t e
) 
an
d 
th
ro
ug
h 
(t t
) l
in
es
.

2.
 W
he
th
er
 al
l l
in
es
 ar
e o
f s
im
ila
r n
at
ur
e (
fre
qu
en
cy
, c
ap
ac
ity
, a
nd
 
tr
an
sit
 m
od
e)
 o
r o
ne
 o
f t
he
m
 is
 a 
do
m
in
an
t o
r t
ru
nk
 li
ne
 w
ith
 
co
ns
id
er
ab
ly
 h
ig
he
r p
er
fo
rm
an
ce
 th
an
 an
y 
ot
he
r l
in
e,
 w
hi
le
 th
e 
ot
he
rs
, w
ith
 lo
w
 fr
eq
ue
nc
y, 
ca
pa
cit
y, 
et
c. 
re
pr
es
en
t i
ts 
fe
ed
er
s w
ith
 
co
lle
ct
io
n/
di
str
ib
ut
io
n 
fu
nc
tio
n.
 T
hi
s a
sp
ec
t o
f l
in
e t
yp
e,
 si
m
ila
r o
f 
di
ffe
re
nt
, i
nf
lu
en
ce
s t
ra
ns
fe
rr
in
g 
pa
tte
rn
s o
f p
as
se
ng
er
s (
i.e
., 
m
an
y-
to
-m
an
y 
am
on
g 
sim
ila
r l
in
es
, o
r m
an
y 
m
an
y-
to
-o
ne
 an
d 
on
e-
to
-m
an
y 
be
tw
ee
n 
di
ffe
re
nt
 li
ne
 ca
te
go
rie
s, 
su
ch
 as
 tr
un
k 
an
d 
fe
ed
er
s. 
M
et
ro
 S
ta
tio
n 
La
yo
ut
s 
an
d 
Sc
he
du
le
s 
fo
r 
Si
m
ul
ta
ne
ou
s 
Tr
an
sf
er
s

M
os
t s
ta
tio
ns
 in
 m
et
ro
 h
av
e t
w
o 
or
 m
or
e l
in
es
 cr
os
sin
g 
th
em
se
lv
es
 
at
 d
iff
er
en
t l
ev
el
s. 

Si
nc
e p
as
se
ng
er
s m
us
t n
eg
ot
iat
e o
ne
 o
r t
w
o 
fli
gh
ts 
of
 st
air
s, 
sc
he
du
le
s o
f t
ra
in
s i
n 
di
ffe
re
nt
 li
ne
s c
an
no
t b
e c
oo
rd
in
at
ed
 fo
r 
sim
ul
ta
ne
ou
s t
ra
ns
fe
rs
. 

H
ow
ev
er
, w
he
ne
ve
r g
eo
m
et
ry
 o
f l
in
e a
lig
nm
en
ts 
all
ow
s, 
an
d 
pa
rt
icu
lar
ly
 w
he
n 
lar
ge
 p
as
se
ng
er
 vo
lu
m
es
 m
ak
e f
as
t a
nd
 
co
nv
en
ie
nt
 tr
an
sfe
rs
 h
ig
hl
y 
de
sir
ab
le,
 st
at
io
n 
lay
ou
ts 
th
at
 p
ro
vi
de
 
fo
r a
cr
os
s-p
lat
fo
rm
 si
m
ul
ta
ne
ou
s t
w
o-
w
ay
 tr
an
sfe
rs
 b
et
w
ee
n 
tr
ain
s 
sh
ou
ld
 b
e p
lan
ne
d.
 
Si
m
ul
ta
ne
ou
s 
Tr
an
sf
er
s 
be
tw
ee
n 
W
ea
vi
ng

W
he
n 
th
e a
lig
nm
en
ts 
of
 tw
o 
m
et
ro
 li
ne
s c
an
 b
e b
ro
ug
ht
 to
 in
te
rs
ec
t 
un
de
r a
 fl
at
 an
gl
e,
 tr
ac
ks
 sh
ou
ld
 b
e w
ov
en
 as
 sh
ow
n 
in
 th
e f
ig
ur
e.
 

Th
e t
w
o 
tr
ain
s i
n 
ea
ch
 d
ire
ct
io
n 
ar
e t
he
n 
sc
he
du
le
d 
to
 o
pe
ra
te
 w
ith
 
eq
ua
l a
nd
 si
m
ul
ta
ne
ou
s h
ea
dw
ay
s. 
Th
e p
as
se
ng
er
s a
re
 th
us
 g
ive
n 
th
e 
ul
tim
at
e t
yp
e o
f t
ra
ns
fe
r: 
ac
ro
ss 
pl
at
fo
rm
 b
et
w
ee
n 
tw
o 
sta
nd
in
g 
tr
ain
s, 
th
us
 re
qu
iri
ng
 m
in
im
um
 d
ist
an
ce
 an
d 
no
 w
ait
in
g. 
13
St
at
io
n 
D
es
ig
n 
fo
r T
ra
ns
fe
rs
 a
t Y
 Ju
nc
tio
ns

Y-
sh
ap
ed
 ra
di
al 
ne
tw
or
k 
is 
op
er
at
ed
 w
ith
 o
ne
 tr
un
k 
an
d 
on
e 
fe
ed
er
 li
ne
. 
Th
e 
fo
ur
 d
ire
ct
io
na
l t
ra
ns
fe
rs
, E
-N
, N
-E
, E
-S
, a
nd
 S
-E
 ar
e 
po
ssi
bl
e 
an
d 
di
vi
de
d 
in
to
 tw
o 
sta
tio
ns
, P
rin
ce
 E
dw
ar
d 
an
d 
M
on
g
Ko
k.
 T
he
 li
ne
s r
un
 
pa
ra
lle
l b
et
w
ee
n 
th
e 
tw
o 
sta
tio
ns
 an
d 
ha
ve
 tw
o 
pl
at
fo
rm
s a
t d
iff
er
en
t 
le
ve
ls 
at
 e
ac
h 
of
 th
e 
tw
o 
sta
tio
n.
 
Tr
an
sf
er
s 
be
tw
ee
n 
Lo
ca
l a
nd
 
Ex
pr
es
s 
Tr
ai
ns

Th
an
k Y
ou
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Tr
an
sit
 S
er
vic
e 
Pl
an
ni
ng
 Is
su
es
N
ot
es
 fr
om
 H
um
an
 T
ra
ns
it:
 H
ow
 
C
le
ar
er
 T
hi
nk
in
g 
ab
ou
t P
ub
lic
 
Tr
an
si
t C
an
 E
nr
ic
h 
O
ur
 
C
om
m
un
itie
s 
an
d 
O
ur
 L
iv
es
by
 J
ar
re
tt 
W
al
ke
r
Fi
xe
d 
or
 F
le
xib
le
?
•T
ri
ps
 n
ee
d 
to
 b
e 
pr
ed
ic
ta
bl
e
•
Fi
xe
d 
se
rv
ic
es
 fo
llo
w
 t
he
 s
am
e 
pa
th
, a
t 
th
e 
sa
m
e 
tim
e,
 d
ay
 a
ft
er
 d
ay
, s
o 
cu
st
om
er
s 
ca
n 
pl
an
 a
ro
un
d 
th
e 
pa
tt
er
n
•F
ix
ed
 s
er
vi
ce
 a
re
 m
or
e 
ef
fic
ie
nt
 –
th
ey
 c
an
 c
ar
ry
 m
or
e 
pa
ss
en
ge
rs
 
pe
r 
ve
hi
cl
e 
se
rv
ic
e 
ho
ur
•F
le
xi
bl
e 
ro
ut
e 
se
rv
ic
e 
ca
n 
be
 in
no
va
tiv
e 
bu
t 
ar
e 
lim
ite
d 
be
ca
us
e 
th
ey
 
ar
e 
le
ss
 e
ff
ic
ie
nt
•F
le
xi
bl
e 
ro
ut
es
 t
en
d 
to
 b
e 
us
ef
ul
 w
he
re
 t
he
 o
ve
ra
ll 
de
m
an
d 
is
 lo
w
 o
r 
fo
r 
sp
ec
ifi
c 
po
pu
la
tio
ns
 w
ho
se
 n
ee
ds
 a
re
n’
t 
m
et
 b
y 
fix
ed
 s
er
vi
ce
s
Se
ve
n 
D
em
an
ds
 o
f P
ub
lic
 T
ra
ns
it
1)
It
 t
ak
es
 m
e 
w
he
re
I 
w
an
t 
to
 g
o.
2)
It
 t
ak
es
 m
e 
w
he
n 
I 
w
an
t 
to
 g
o.
3)
It
 is
 a
 g
oo
d 
us
e 
of
 m
y 
tim
e.
4)
It
 is
 a
 g
oo
d 
us
e 
of
 m
y 
m
on
ey
.
5)
It
 r
es
pe
ct
s
m
e 
in
 t
he
 le
ve
l o
f 
sa
fe
ty
, 
co
m
fo
rt
, 
an
d 
am
en
ity
 it
 
pr
ov
id
es
.
6)
I 
ca
n 
tr
us
t
it.
7)
It
 g
iv
es
 m
e 
fr
ee
do
m
to
 c
ha
ng
e 
m
y 
pl
an
s.
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Th
e 
Se
ve
n 
Ph
as
es
 o
f a
 T
rip
1)
U
nd
er
st
an
di
ng
 
•
Yo
u 
ne
ed
 a
 s
uf
fic
ie
nt
 u
nd
er
st
an
di
ng
 o
f 
th
e 
se
rv
ic
e,
 f
re
qu
en
cy
, 
an
d 
fa
re
 t
o 
kn
ow
 h
ow
 
to
 m
ak
e 
th
e 
tr
ip
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 M
ak
e 
it
 e
as
ie
r 
to
 u
nd
er
st
an
d 
th
e 
se
rv
ic
e
2)
A
cc
es
si
ng
 (
at
 t
he
 o
ri
gi
n)
•
W
al
k,
 d
ri
ve
, 
or
 r
id
e 
bi
cy
cl
e 
to
 t
he
 s
to
p 
w
he
re
 y
ou
 w
ill
 b
oa
rd
 t
he
 s
er
vi
ce
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 L
oc
at
e 
st
op
 in
 lo
gi
ca
l p
la
ce
, 
m
ak
e 
it
 a
 c
iv
ili
ze
d 
pl
ac
e 
to
 
w
ai
t,
 p
ro
vi
de
 p
ar
ki
ng
 o
pt
io
ns
 t
o 
ca
r 
or
 b
ik
e 
(w
he
re
 a
pp
ro
pr
ia
te
)
3)
W
ai
ti
ng
•
Le
as
t 
fa
vo
ri
te
 p
ha
se
 o
f 
tr
ip
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 I
m
pr
ov
e 
fr
eq
ue
nc
y 
an
d 
re
lia
bi
lit
y,
 u
se
 t
ec
hn
ol
og
y 
su
ch
 
as
 r
ea
l-
ti
m
e 
in
fo
rm
at
io
n 
th
at
 t
el
ls
 y
ou
 h
ow
 lo
ng
 y
ou
 h
av
e 
to
 w
ai
t
Th
e 
Se
ve
n 
Ph
as
es
 o
f a
 T
rip
4)
Pa
yi
ng
•
C
os
ts
 m
on
ey
 t
o 
us
er
 b
ut
 a
ls
o 
co
st
s 
tim
e
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 U
se
 f
or
m
s 
of
 f
ar
e 
co
lle
ct
io
n 
th
at
 r
eq
ui
re
 y
ou
 t
o 
bu
y 
a 
tic
ke
t 
be
fo
re
 
yo
u 
bo
ar
d
5)
R
id
in
g
•
Ti
m
e 
sp
en
t 
on
 b
oa
rd
 v
eh
ic
le
 is
 d
et
er
m
in
ed
 b
y 
av
er
ag
e 
sp
ee
d 
(o
r 
de
la
y)
 a
nd
 r
el
ia
bi
lit
y
•
Q
ua
lit
y 
of
 t
im
e 
is
 d
et
er
m
in
ed
 b
y 
th
e 
qu
al
ity
 o
f 
th
e 
ve
hi
cl
e 
an
d 
yo
ur
 a
bi
lit
y 
to
 m
ak
e 
us
e 
of
 t
he
 
tim
e
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
ue
: 
At
te
m
pt
 t
o 
m
in
im
iz
e 
de
la
y
6)
C
on
ne
ct
in
g
•
Re
pe
at
 s
te
ps
 2
 t
hr
ou
gh
 5
 if
 y
ou
 t
ri
p 
re
qu
ir
es
 a
 t
ra
ns
fe
r
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 M
in
im
iz
e 
th
e 
ha
ss
le
 o
f 
th
es
e 
st
ep
s.
 F
or
 e
xa
m
pl
e,
 o
ff
er
 f
re
e 
tr
an
sf
er
s.
7)
A
cc
es
si
ng
 (
at
 t
he
 d
es
ti
na
ti
on
)
•
Tr
av
el
in
g 
by
 s
om
e 
m
ea
ns
 f
ro
m
 t
he
 t
ra
ns
it 
st
op
 t
o 
yo
ur
 a
ct
ua
l d
es
tin
at
io
n
•
W
ha
t 
tr
an
si
t 
ag
en
cy
 c
an
 d
o:
 L
og
ic
al
 lo
ca
tio
n 
of
 s
to
ps
. 
(D
es
ig
n 
of
 a
re
a 
is
 a
ls
o 
ve
ry
 im
po
rt
an
t 
bu
t 
be
yo
nd
 t
he
 c
on
tr
ol
 o
f 
th
e 
tr
an
si
t 
ag
en
cy
).
Re
la
tiv
e 
Va
lu
es
 o
f T
im
e 
fo
r D
iffe
re
nt
 S
ta
ge
s 
of
 a
 T
rip
Fi
ve
 P
at
hs
 to
 C
on
fu
sio
n
•M
ap
-R
ea
di
ng
 E
rr
or
s
•
Pe
rc
ei
vi
ng
 m
ap
 a
re
a 
as
 t
ho
ug
h 
it 
w
er
e 
po
pu
la
tio
n
•
Tr
an
si
t 
pl
an
ni
ng
 r
eq
ui
re
s 
lo
ok
in
g 
at
 m
ap
s 
of
 d
at
a 
ab
ou
t 
po
pu
la
tio
ns
•
M
ap
s 
th
at
 s
ho
w
 t
he
 p
at
hs
 t
ha
t 
tr
an
si
t 
ru
ns
 o
n 
bu
t 
no
t 
ho
w
 fr
eq
ue
nt
ly
 it
 r
un
s 
te
nd
 t
o 
co
nc
ea
l t
he
 p
at
te
rn
s 
of
 g
oo
d 
se
rv
ic
e.
•M
ot
or
is
t’s
 E
rr
or
s
•
M
is
ta
ke
 t
ha
t 
ar
is
es
 fr
om
 u
nc
on
sc
io
us
ly
 t
hi
nk
in
g 
ab
ou
t 
tr
an
si
t 
as
 t
ho
ug
h 
it 
w
or
ks
 
lik
e 
ca
rs
 a
nd
 r
oa
ds
.
•
So
m
eo
ne
 w
ho
 h
av
e 
ne
ve
r 
tr
ie
d 
to
 w
al
k 
al
on
g 
a 
bu
sy
 s
tr
ee
t 
m
ay
 n
ot
 r
ea
liz
e 
ho
w
 
un
sa
fe
 o
r 
in
to
le
ra
bl
e 
it 
is
 o
r 
w
ha
t 
ne
ed
s 
to
 b
e 
do
ne
 t
o 
fix
 it
.
•
O
ve
rv
al
ui
ng
 s
pe
ed
 a
nd
 u
nd
er
va
lu
in
g 
fr
eq
ue
nc
y
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Fi
ve
 P
at
hs
 to
 C
on
fu
sio
n
•B
ox
 E
rr
or
s 
an
d 
Fa
ls
e 
D
ic
ho
to
m
ie
s
•
As
so
ci
at
in
g 
bu
se
s 
w
ith
 p
oo
r 
pe
op
le
•
D
is
cr
et
io
na
ry
 (
ch
oi
ce
) 
rid
er
s 
vs
. t
ra
ns
it-
de
pe
nd
en
t 
(c
ap
tiv
e)
 r
id
er
s
•P
ol
ar
iz
at
io
n 
Er
ro
rs
•
Ta
ki
ng
 a
 s
ta
nc
e 
of
 “
yo
u’
re
 e
ith
er
 w
ith
 u
s 
or
 a
ga
in
st
 u
s.
”
•U
nf
or
tu
na
te
 C
on
no
ta
tio
ns
•
M
os
t 
w
or
ds
 u
se
d 
in
 t
ra
ns
it 
ha
ve
 a
 m
or
e 
co
m
m
on
 m
ea
ni
ng
 o
ut
si
de
 t
ha
t 
co
nt
ex
t
•
Ex
am
pl
es
: 
ca
pt
iv
e,
 r
ou
te
 v
s.
 li
ne
N
et
w
or
k 
D
es
ig
n
Ba
rri
er
s 
an
d 
C
ho
ke
po
in
ts
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Ba
sic
 R
ou
te
 S
ha
pe
s
•I
-s
ha
pe
: 
O
pt
im
al
 d
ir
ec
t 
lin
e
•U
-s
ha
pe
: 
Re
as
on
ab
ly
 d
ir
ec
t 
be
tw
ee
n 
an
y 
tw
o 
of
 it
s 
po
in
ts
, 
ex
ce
pt
 
th
e 
en
d 
po
in
ts
 (
en
d 
po
in
ts
 m
us
t 
be
 c
on
ne
ct
ed
 b
y 
a 
m
or
e 
di
re
ct
 I
-
sh
ap
ed
 li
ne
).
 T
he
y 
ex
is
t 
to
 s
er
ve
 t
he
ir
 m
id
po
in
ts
, 
no
t 
th
ei
r 
en
dp
oi
nt
s.
 S
ig
na
ge
 s
ho
ul
d 
pr
ov
id
e 
tw
o 
im
po
rt
an
t 
pi
ec
es
 o
f 
in
fo
rm
at
io
n:
 t
he
 “
to
” 
(f
in
al
 e
nd
po
in
t 
of
 t
he
 li
ne
) 
an
d 
th
e 
“v
ia
” 
(m
aj
or
 
in
te
rm
ed
ia
te
 s
to
p)
.
•S
-s
ha
pe
: 
Tw
o 
(o
r 
m
or
e)
 U
-s
ha
pe
d 
lin
es
 c
om
bi
ne
d.
 T
he
se
 li
ne
s 
ar
e 
no
t 
in
te
nd
ed
 t
o 
be
 r
id
de
n 
lo
ng
 d
is
ta
nc
es
 b
ut
 p
ro
vi
de
 a
 s
er
ie
s 
of
 
sh
or
t-
di
st
an
ce
 li
nk
s
•O
-s
ha
pe
: 
C
on
tin
uo
us
 lo
op
Lo
op
s
•
Ap
pe
al
in
g 
im
ag
e
•
Pr
ob
le
m
: 
Ve
ry
 fe
w
 p
eo
pl
e 
w
an
t 
to
 t
ra
ve
l i
n 
ci
rc
le
s
•
U
nl
ik
e 
I-
sh
ap
es
, l
oo
ps
 a
re
 n
ev
er
 a
 r
ea
so
na
bl
y 
di
re
ct
 li
nk
 b
et
w
ee
n 
al
l o
f t
he
ir 
st
op
s
•
W
or
se
 if
 lo
op
 is
 o
ne
-w
ay
 (
yo
u 
m
ay
 h
av
e 
to
 r
id
e 
m
or
e 
th
an
 h
al
f-
w
ay
 a
ro
un
d 
th
e 
lo
op
 t
o 
ge
t 
w
he
re
 y
ou
’re
 g
oi
ng
)
•
O
ne
-w
ay
 lo
op
s 
w
or
k 
on
ly
 in
 t
w
o 
se
tt
in
gs
•
Ve
ry
 lo
w
-r
id
er
sh
ip
 a
re
as
, 
w
he
re
 it
 is
 c
he
ap
es
t 
w
ay
 t
o 
co
ve
r 
a 
lo
t 
of
 a
re
a 
(g
oa
l i
s 
to
 p
ro
vi
de
 
ba
si
c 
lif
el
in
e 
se
rv
ic
e,
 s
o 
di
re
ct
ne
ss
 is
 s
ac
ri
fic
ed
 t
o 
co
ve
r 
as
 la
rg
e 
an
 a
re
a 
as
 p
os
si
bl
e)
•
Ve
ry
 s
m
al
l c
ir
cu
la
ti
on
 n
et
w
or
ks
, 
su
ch
 a
s 
an
 a
ir
po
rt
 o
r 
do
w
nt
ow
n
•
Ca
nn
ot
 b
e 
ex
te
nd
ed
•
N
o 
br
ea
ks
 fo
r 
th
e 
dr
iv
er
Th
e 
Sp
ac
in
g 
of
 S
to
ps
 a
nd
 S
ta
tio
ns
ht
tp
://h
um
an
tra
ns
it.o
rg
/2
01
0/
11
/sa
n-
fra
nc
isc
o-
a-
ra
tio
na
l-s
to
p-
sp
ac
ing
-p
lan
.h
tm
l
•
Ev
er
y 
st
op
 o
r 
st
at
io
n 
ha
s 
a 
w
al
k 
ra
di
us
, 
th
e 
ar
ea
 f
ro
m
 w
hi
ch
 m
os
t 
pe
op
le
 w
ou
ld
 b
e 
w
ill
in
g 
to
 
w
al
k 
to
 a
 s
to
p.
 (
D
iff
er
en
t 
pe
op
le
 a
re
 c
om
fo
rt
ab
le
 w
al
ki
ng
 d
iff
er
en
t 
di
st
an
ce
s,
 s
o 
th
e 
ou
tl
in
e 
of
 
th
es
e 
ci
rc
le
s 
w
ou
ld
 b
e 
fu
zz
y.
)
•
G
en
er
al
ly
, 
tr
an
si
t 
pl
an
er
s 
as
su
m
e 
a 
to
le
ra
bl
e 
w
al
ki
ng
 d
is
ta
nc
e 
of
 4
00
 m
et
er
s 
(1
/4
 m
ile
) 
fo
r 
a 
lo
ca
l s
to
p 
se
rv
ic
e 
an
d 
ab
ou
t 
1,
00
0 
m
et
er
s 
(a
bo
ut
 3
/5
 m
ile
) 
fo
r 
ve
ry
 f
as
t,
 f
re
qu
en
t,
 a
nd
 r
el
ia
bl
e 
ra
pi
d 
tr
an
si
t 
se
rv
ic
e
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•T
he
 w
al
k 
ci
rc
le
 is
 n
ot
 a
n 
ac
tu
al
 c
ir
cl
e,
 b
ec
au
se
 w
e 
m
us
t 
w
al
k 
al
on
g 
th
e 
ne
tw
or
ks
 o
f 
st
re
et
s 
an
d 
pa
th
s.
•T
he
 n
et
w
or
k 
de
si
gn
 is
 a
 c
ru
ci
al
 e
le
m
en
t 
of
 w
al
ki
ng
 d
is
ta
nc
e.
Th
e 
Sp
ac
in
g 
of
 S
to
ps
 a
nd
 S
ta
tio
ns
ht
tp
://h
um
an
tra
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it.o
rg
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01
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11
/sa
n-
fra
nc
isc
o-
a-
ra
tio
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l-s
to
p-
sp
ac
ing
-p
lan
.h
tm
l
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to
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://h
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n-
fra
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D
up
lic
at
e 
co
ve
ra
ge
 a
re
a:
 A
re
a 
th
at
 h
as
 m
or
e 
th
an
 o
ne
 s
to
p 
w
ith
in
 w
al
ki
ng
 d
is
ta
nc
e 
(w
as
te
)
C
ov
er
ag
e 
ga
p:
 A
re
a 
th
at
 is
 w
ith
in
 w
al
ki
ng
 d
is
ta
nc
e 
of
 th
e 
lin
e 
bu
t n
ot
 o
f a
 s
to
p
G
oa
l i
s 
to
 m
in
im
iz
e 
bo
th
 d
up
lic
at
e 
co
ve
ra
ge
 a
re
a 
an
d 
co
ve
ra
ge
 g
ap
.
•
C
lo
se
 s
to
p 
sp
ac
in
g 
m
ea
ns
 s
m
al
le
r c
ov
er
ag
e 
ga
ps
 b
ut
 la
rg
er
 d
up
lic
at
e 
co
ve
ra
ge
 a
re
a
•
W
id
e 
st
op
 s
pa
ci
ng
 m
ea
ns
 s
m
al
le
r d
up
lic
at
e 
co
ve
ra
ge
 a
re
a 
bu
t l
ar
ge
r c
ov
er
ag
e 
ga
ps
•
Tr
ad
eo
ff 
of
 d
up
lic
at
e 
co
ve
ra
ge
 a
re
a 
vs
. c
ov
er
ag
e 
ga
p
•
If
 y
ou
 c
ar
e 
m
os
tl
y 
ab
ou
t 
de
si
gn
in
g 
fo
r 
co
ve
ra
ge
 (
to
 m
ee
t 
so
ci
al
 s
er
vi
ce
 n
ee
ds
),
 y
ou
 c
ar
e 
m
or
e 
ab
ou
t 
m
in
im
iz
in
g 
th
e 
co
ve
ra
ge
 g
ap
•
If
 y
ou
 w
an
t 
to
 m
ax
im
iz
e 
ri
de
rs
hi
p,
 y
ou
 c
ar
e 
m
or
e 
ab
ou
t 
m
in
im
iz
in
g 
th
e 
du
pl
ic
at
e 
co
ve
ra
ge
 
ga
p,
 b
ec
au
se
 c
lo
se
r 
st
op
 s
pa
ci
ng
 m
ea
ns
 s
lo
w
er
 o
pe
ra
ti
on
s
•
In
 m
os
t 
ur
ba
n 
ar
ea
s,
 t
he
re
 w
ill
 b
e 
m
or
e 
st
uf
f c
lo
se
 t
o 
th
e 
tr
an
si
t 
lin
e 
th
an
 fa
r 
fr
om
 
it,
 w
hi
ch
 m
ea
ns
 t
he
re
 is
 m
or
e 
st
uf
f i
n 
th
e 
du
pl
ic
at
e 
co
ve
ra
ge
 a
re
a 
th
an
 in
 t
he
 
co
ve
ra
ge
 g
ap
s.
 W
he
n 
lo
ok
in
g 
at
 a
 m
ap
, d
on
’t 
ju
st
 c
on
si
de
r 
ar
ea
s 
eq
ua
lly
, c
on
si
de
r 
w
he
re
 s
tu
ff 
is
 lo
ca
te
d.
•
Va
ria
tio
ns
 in
 t
er
ra
in
 c
ou
ld
 c
ha
ng
e 
th
e 
ca
lc
ul
at
io
n.
•
If
 d
em
an
d 
is
 lo
w
, y
ou
 c
an
 p
la
ce
 c
lo
se
ly
 s
pa
ce
d 
st
op
s 
kn
ow
in
g 
th
at
 t
he
 b
us
 u
su
al
ly
 
w
on
’t 
ha
ve
 t
o 
st
op
 a
t 
al
l o
f t
he
m
Th
e 
Sp
ac
in
g 
of
 S
to
ps
 a
nd
 S
ta
tio
ns
ht
tp
://h
um
an
tra
ns
it.o
rg
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01
0/
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/sa
n-
fra
nc
isc
o-
a-
ra
tio
na
l-s
to
p-
sp
ac
ing
-p
lan
.h
tm
l
Fr
eq
ue
nc
y
•D
ir
ec
t 
ro
le
 in
 m
ee
tin
g 
fo
ur
 o
f 
th
e 
se
ve
n 
tr
an
si
t 
de
m
an
ds
•D
om
in
at
es
 t
hr
ee
 o
f 
th
e 
se
ve
n 
ph
as
es
 o
f 
a 
tr
ip
•T
he
 e
ss
en
ce
 o
f 
th
e 
di
st
in
ct
io
n 
be
tw
ee
n 
ro
ut
es
 (
si
te
s 
of
 o
cc
as
io
na
l 
tr
an
sp
or
ta
tio
n 
ev
en
ts
) 
an
d 
lin
es
 (
tr
an
si
t 
th
at
 is
 t
he
re
 w
he
ne
ve
r 
yo
u 
ne
ed
 it
)
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Fr
eq
ue
nc
y 
an
d 
Sp
an
•
Cr
iti
ca
l f
or
 g
et
tin
g 
pe
op
le
 t
o 
ch
oo
se
 t
ra
ns
it
•
Th
ey
 p
ro
vi
de
 f
re
ed
om
 f
or
 a
 t
ra
ns
it 
pa
ss
en
ge
r
•
H
ig
h-
fr
eq
ue
nc
y,
 lo
ng
-s
pa
n 
se
rv
ic
e 
is
 t
he
re
 w
he
ne
ve
r 
yo
u 
w
an
t 
to
 u
se
 it
•
Bu
t 
th
ey
 a
re
 e
xp
en
si
ve
•
D
ou
bl
in
g 
fr
eq
ue
nc
y 
do
ub
le
s 
op
er
at
in
g 
co
st
•
In
cr
ea
si
ng
 le
ng
th
 o
f 
se
rv
ic
e 
da
y 
ha
s 
co
rr
es
po
nd
in
g 
in
cr
ea
se
 in
 o
pe
ra
tin
g 
co
st
•
Th
ey
 a
re
 in
vi
si
bl
e
•
Yo
u 
se
e 
m
ap
s 
of
 n
et
w
or
ks
 o
r 
ce
rt
ai
n 
tr
an
si
t 
pr
op
os
al
s
•
Yo
u 
re
ad
 d
es
cr
ip
tio
ns
 o
f 
tr
an
si
t 
pr
op
os
al
s 
em
ph
as
iz
in
g 
w
he
re
 t
he
 p
ro
po
se
d 
se
rv
ic
e 
w
ill
 o
pe
ra
te
•
Yo
u 
se
e 
tr
an
si
t 
ve
hi
cl
es
 m
ov
in
g 
ar
ou
nd
 y
ou
r 
ci
ty
 a
nd
 s
ig
ns
 in
di
ca
tin
g 
w
he
re
 s
er
vi
ce
 g
oe
s
•
Yo
u 
se
e 
pe
op
le
 w
ai
tin
g 
at
 s
to
ps
•
Yo
u 
se
e 
im
ag
es
 in
 t
he
 m
ed
ia
 t
ha
t 
ge
ne
ra
liz
e 
ab
ou
t 
th
e 
qu
al
ity
 o
f 
se
rv
ic
e 
or
 it
s 
us
er
s
•
N
ot
hi
ng
 s
ho
w
s 
th
e 
im
pa
ct
 o
f 
fr
eq
ue
nc
y 
or
 s
pa
n
•
To
 b
e 
us
ef
ul
, t
ra
ns
it 
m
us
t 
ex
is
t 
in
 b
ot
h 
sp
ac
e 
an
d 
tim
e 
(i
t 
m
us
t 
ru
n 
no
t 
ju
st
 w
he
re
 w
e 
ne
ed
 it
 b
ut
 a
ls
o 
w
he
n 
w
e 
ne
ed
 it
)
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r-f
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ap
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ng
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l
•C
on
si
de
r 
th
e 
hi
er
ar
ch
y 
of
 t
he
 s
tr
ee
t 
m
ap
•M
an
y 
tr
an
si
t 
m
ap
s 
m
ak
e 
al
l l
in
es
 lo
ok
 
al
ik
e,
 b
ut
•
So
m
e 
of
 t
he
se
 li
ne
s 
ha
ve
 fr
eq
ue
nt
 a
ll-
da
y 
se
rv
ic
e
•
So
m
e 
of
 t
he
se
 li
ne
s 
ha
ve
 in
fr
eq
ue
nt
 a
ll-
da
y 
se
rv
ic
e
•
So
m
e 
of
 t
he
se
 li
ne
s 
ar
e 
pe
ak
-o
nl
y
•
O
ne
 o
f t
he
se
 li
ne
s 
is
 a
 n
ig
ht
tim
e-
on
ly
 r
ou
te
•T
ra
ns
it 
ag
en
ci
es
 s
ho
ul
d 
m
ak
e 
th
ei
r 
sy
st
em
s 
lo
ok
 a
s 
si
m
pl
e 
as
 p
os
si
bl
e
•
D
et
er
m
in
an
ts
 o
f “
m
aj
or
” 
ro
ut
es
•
Fr
eq
ue
nc
y
•
Sp
an
 o
f 
se
rv
ic
e
•
Sp
ee
d
•
Re
lia
bi
lit
y
•
Ea
se
 o
f 
ac
ce
ss
•
Th
re
e 
ca
te
go
rie
s 
of
 u
se
fu
ln
es
s
•
Th
e 
Fr
eq
ue
nt
 N
et
w
or
k
•
In
fr
eq
ue
nt
 A
ll-
D
ay
 S
er
vi
ce
s
•
Pe
ak
-O
nl
y 
Se
rv
ic
e
•
Re
co
m
m
en
da
tio
n 
fo
r 
bu
s 
ne
tw
or
k:
 T
he
 t
hr
ee
 c
at
eg
or
ie
s 
sh
ou
ld
 b
e 
re
pr
es
en
te
d 
by
 t
hr
ee
 k
in
ds
 o
f l
in
es
•
Vi
su
al
ly
 s
tr
on
g 
lin
e 
fo
r 
th
e 
Fr
eq
ue
nt
 N
et
w
or
k 
(s
ta
nd
s 
ou
t)
•
Le
ss
er
 s
ol
id
 li
ne
 f
or
 in
fr
eq
ue
nt
 a
ll-
da
y 
se
rv
ic
e
•
D
as
he
d 
lin
e 
fo
r 
pe
ak
-o
nl
y
•
Em
ph
as
iz
in
g 
sp
ee
d 
ov
er
 fr
eq
ue
nc
y 
is
 a
 m
ot
or
is
t’s
 e
rr
or
Fr
eq
ue
nc
y 
M
ap
ht
tp
://
hu
m
an
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ics
-th
e-
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se
-fo
r-f
re
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cy
-m
ap
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ng
.h
tm
l
•E
xa
m
pl
e:
 M
in
ne
ap
ol
is
-S
t.
 
Pa
ul
•
ht
tp
s:
//
w
w
w
.m
et
ro
tr
an
si
t.
or
g
/D
at
a/
Si
te
s/
1/
m
ed
ia
/p
df
s/
sy
sm
ap
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ap
_s
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te
m
.p
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Fr
eq
ue
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M
ap
ht
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m
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-th
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.h
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l
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•O
ne
 o
pt
io
n:
 s
ep
ar
at
e 
m
ap
s 
of
 j
us
t 
th
e 
Fr
eq
ue
nt
 N
et
w
or
k
Fr
eq
ue
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y 
M
ap
ht
tp
://
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m
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as
ics
-th
e-
ca
se
-fo
r-f
re
qu
en
cy
-m
ap
pi
ng
.h
tm
l
M
in
ne
ap
ol
is
-S
t. 
Pa
ul
 H
ig
h 
fre
qu
en
cy
 N
et
w
or
k
ht
tp
s:
//w
w
w.
m
et
ro
tra
ns
it.
or
g
/h
ig
h-
fre
qu
en
cy
-n
et
w
or
k-
m
ap
.a
sp
x
•T
he
 F
re
qu
en
t 
N
et
w
or
k 
is
 p
ot
en
tia
lly
 u
se
fu
l t
o 
la
nd
 u
se
 p
la
nn
er
s 
an
yo
ne
 d
ec
id
in
g 
w
he
re
 t
o 
liv
e,
 w
he
re
 t
o 
sh
op
, 
or
 w
he
re
 t
o 
st
ar
t 
a 
bu
si
ne
ss
.
•P
ot
en
tia
l p
ro
bl
em
s
•
Fi
na
nc
es
 a
re
 u
nc
er
ta
in
 a
nd
 t
ra
ns
it 
ag
en
cy
 m
ay
 n
ot
 b
e 
ab
le
 t
o 
ke
ep
 t
o 
a 
15
 
m
in
ut
e 
he
ad
w
ay
•
D
iff
ic
ul
tie
s 
on
 fi
nd
in
g 
co
ns
en
su
s 
on
 w
ha
t 
th
e 
de
fin
iti
on
 o
f “
Fr
eq
ue
nt
 N
et
w
or
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sh
ou
ld
 b
e
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Sp
ee
d,
 D
el
ay
, a
nd
 R
el
ia
bi
lity
•
D
el
ay
 is
 t
he
 m
ai
n 
pr
ob
le
m
 fo
r 
sp
ee
d 
an
d 
re
lia
bi
lit
y
•
To
 s
pe
ed
 u
p 
tr
an
si
t,
 w
e 
fo
cu
s 
on
 r
em
ov
in
g 
de
la
ys
•
D
el
ay
 is
 t
he
 m
ai
n 
so
ur
ce
 o
f 
re
lia
bi
lit
y 
pr
ob
le
m
s
•
U
rb
an
 t
ra
ns
it 
is
 d
iff
er
en
t 
th
an
 lo
ng
er
-d
is
ta
nc
e 
tr
av
el
•
S
to
ps
 m
or
e 
fr
eq
ue
nt
ly
 (
to
p 
sp
ee
d 
is
 le
ss
 im
po
rt
an
t)
•
M
or
e 
si
tu
at
io
ns
 w
it
h 
re
st
ri
ct
io
ns
 o
n 
sp
ee
d,
 in
cl
ud
in
g 
co
ng
es
ti
on
•
Th
re
e 
so
ur
ce
s 
of
 r
ou
tin
e 
de
la
y
•
Tr
af
fic
 d
el
ay
•
S
ig
na
l d
el
ay
•
Pa
ss
en
ge
r-
st
op
 d
el
ay
•
Ro
ut
in
e 
de
la
y 
is
 in
flu
en
ce
d 
by
 o
pe
ra
tin
g 
en
vi
ro
nm
en
t,
 r
ig
ht
-o
f-
w
ay
 c
ha
ra
ct
er
is
tic
s 
(m
ix
ed
 t
ra
ffi
c,
 s
em
i-
ex
cl
us
iv
e,
 e
xc
lu
si
ve
, s
ep
ar
at
ed
)
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Se
ve
n 
Ty
pe
s 
of
 D
el
ay
s
•
Tr
af
fic
 d
el
ay
•
C
on
ge
st
io
n 
–
Ex
cl
us
iv
e 
or
 s
ep
ar
at
ed
 R
O
W
 p
ro
te
ct
s 
fr
om
 c
on
ge
st
io
n.
•
Fr
ic
ti
on
 –
D
el
ay
 c
au
se
 b
y 
in
di
vi
du
al
 v
eh
ic
le
s.
 P
ut
ti
ng
 t
ra
ns
it
 la
ne
s 
in
 t
he
 c
en
te
r 
of
 
bu
sy
 s
tr
ee
ts
 e
lim
in
at
es
 m
os
t 
fr
ic
ti
on
.
•
S
ig
na
l d
el
ay
•
O
nl
y 
se
pa
ra
te
d 
R
O
W
 e
lim
in
at
es
 s
ig
na
l d
el
ay
•
S
ig
na
l p
ri
or
ity
 t
oo
ls
 c
an
 r
ed
uc
e 
de
la
y
•
Pa
ss
en
ge
r-
st
op
 d
el
ay
•
D
w
el
l d
ue
 t
o 
bo
ar
di
ng
/a
lig
ht
in
g
•
D
w
el
l d
ue
 t
o 
fa
re
 c
ol
le
ct
io
n
•
A
cc
el
er
at
io
n/
de
ce
le
ra
ti
on
•
S
to
p 
sp
ac
in
g
H
ow
 to
 R
ed
uc
e 
D
el
ay
•
R
ap
id
 t
ra
ns
it
 s
ys
te
m
s/
su
bw
ay
s 
(s
ep
ar
at
ed
 R
O
W
)
•
A
ut
om
at
ic
 T
ra
in
 C
on
tr
ol
 s
ys
te
m
s 
m
ak
e 
it
 p
os
si
bl
e 
to
 r
un
 t
ra
in
s 
m
uc
h 
cl
os
er
 t
og
et
he
r
•
Th
es
e 
sy
st
em
s 
ar
e 
ve
ry
 s
en
si
ti
ve
 t
o 
dw
el
l t
im
es
 a
t 
st
at
io
ns
•
S
tr
at
eg
ie
s 
to
 s
pe
ed
 u
p 
bo
ar
di
ng
 a
nd
 a
lig
ht
in
g 
al
lo
w
s 
tr
ai
ns
 t
o 
ru
n 
cl
os
er
 t
og
et
he
r 
an
d 
in
cr
ea
se
 p
ot
en
ti
al
 c
ap
ac
it
y
•
M
ix
ed
 t
ra
ff
ic
•
S
ig
na
l d
el
ay
 –
tr
af
fic
 s
ig
na
l p
ri
or
ity
 (
ca
n 
be
 t
ri
ck
y)
•
M
ov
e 
to
w
ar
d 
B
R
T 
to
 r
ed
uc
e 
tr
af
fic
 a
nd
 p
as
se
ng
er
-s
to
p 
de
la
y
•
M
ed
ia
n 
bu
s 
la
ne
 t
o 
pr
ot
ec
t 
fr
om
 f
ri
ct
io
n
•
O
ff
-b
oa
rd
 f
ar
e 
pa
ym
en
t 
to
 r
ed
uc
e 
dw
el
l d
ue
 t
o 
fa
re
 c
ol
le
ct
io
n
•
W
id
en
 s
to
p 
sp
ac
in
g 
to
 r
ed
uc
e 
pa
ss
en
ge
r 
st
op
 d
el
ay
s
Th
e 
C
as
e 
fo
r T
ra
ns
it 
La
ne
s
•W
ha
t 
pe
rc
en
ta
ge
 o
f 
th
e 
pe
op
le
 w
ho
 a
re
 a
lr
ea
dy
 t
ra
ve
lin
g 
do
w
n 
th
e 
st
re
et
’s
 t
ra
ff
ic
 la
ne
s 
ar
e 
on
 t
ra
ns
it 
in
st
ea
d 
of
 a
 c
ar
?
•H
ow
 m
uc
h 
fa
st
er
 w
ill
 t
ra
ns
it 
be
 if
 it
 h
as
 a
n 
ex
cl
us
iv
e 
la
ne
?
D
en
sit
y
•A
ve
ra
ge
 d
en
si
ty
 o
f 
m
et
ro
 a
re
a 
ca
n 
be
 m
is
le
ad
in
g
•M
or
e 
im
po
rt
an
t 
to
 lo
ok
 a
t
•
D
en
si
ty
 w
ith
in
 w
al
ki
ng
 d
is
ta
nc
e 
of
 t
ra
ns
it 
st
op
s
•
Pe
rc
en
ta
ge
 o
f c
iti
ze
ns
 w
ho
 li
ve
 a
t 
hi
gh
 d
en
si
ty
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R
id
er
sh
ip
 o
r C
ov
er
ag
e?
•H
ow
 s
ho
ul
d 
tr
an
si
t 
ag
en
ci
es
 d
iv
id
e 
up
 it
s 
re
so
ur
ce
s 
am
on
g 
th
e 
co
m
m
un
iti
es
 it
 s
er
ve
s?
•W
hy
 a
re
 y
ou
 p
ro
vi
di
ng
 t
ra
ns
it 
at
 a
ll?
•T
ra
ns
it 
fa
ce
s 
a 
co
nt
ra
di
ct
or
y 
m
is
si
on
•
Se
rv
e 
al
l p
ar
ts
 o
f o
ur
 c
om
m
un
ity
 (
Co
ve
ra
ge
 G
oa
l)
•
M
ax
im
iz
e 
rid
er
sh
ip
 w
ith
 o
ur
 fi
xe
d 
se
rv
ic
e 
bu
dg
et
 (
Ri
de
rs
hi
p 
G
oa
l)
•R
ea
so
ns
 f
or
 C
ov
er
ag
e 
G
oa
l
•
Eq
ui
ty
•
So
ci
al
 s
er
vi
ce
 o
bj
ec
tiv
e 
–
fo
cu
s 
on
 m
ee
tin
g 
th
e 
ne
ed
s 
of
 p
eo
pl
e 
re
lia
nt
 o
n 
tr
an
si
t
•
N
ot
 ju
st
 a
bo
ut
 h
ow
 m
an
y 
pe
op
le
 n
ee
d 
it 
bu
t 
th
e 
se
ve
rit
y 
of
 t
he
 n
ee
d
R
id
er
sh
ip
 o
r C
ov
er
ag
e?
•
R
id
er
sh
ip
 g
oa
l
•
C
al
ls
 f
or
 d
ep
lo
yi
ng
 s
er
vi
ce
 t
he
 w
ay
 p
ri
va
te
 b
us
in
es
s 
w
ou
ld
, 
w
it
h 
go
al
 o
f 
hi
gh
es
t 
po
ss
ib
le
 r
id
er
sh
ip
 f
or
 g
iv
en
 b
ud
ge
t
•
M
ea
su
re
s 
su
ch
 a
s 
fa
re
bo
x
re
co
ve
ry
, 
tr
ip
s 
pe
r 
ve
hi
cl
e 
ho
ur
•
In
te
ns
e 
se
rv
ic
e 
w
he
re
 d
em
an
d 
is
 h
ig
h 
an
d 
no
 s
er
vi
ce
 w
he
re
 d
em
an
d 
is
 lo
w
•
S
er
ve
s 
tw
o 
m
aj
or
 p
ub
lic
 in
te
re
st
s
•
C
om
pe
te
 s
uc
ce
ss
fu
lly
 w
it
h 
ca
rs
 t
o 
ac
hi
ev
e 
en
vi
ro
nm
en
ta
l b
en
ef
it
s
•
M
ax
im
iz
e 
fa
re
 r
ev
en
ue
•
C
ov
er
ag
e 
go
al
s 
an
d 
R
id
er
sh
ip
 g
oa
ls
 a
re
 b
ot
h 
po
pu
la
r
•
Tr
an
si
t 
ag
en
ci
es
 w
ill
 o
ft
en
 a
do
pt
 b
ot
h 
go
al
s 
bu
t 
no
t 
re
so
lv
e 
th
e 
co
nf
lic
t 
be
tw
ee
n 
th
em
D
en
se
vil
le
an
d 
Sp
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: U
na
vo
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ab
le
 C
ho
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s
D
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lle
15
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00
 p
eo
pl
e
1,
50
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da
ily
 
bo
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di
ng
s*
Sp
ar
se
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50
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di
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*A
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um
e 
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 o
f p
eo
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in
 e
ac
h 
ne
ig
hb
or
ho
od
 m
ak
e 
on
e 
tw
o-
w
ay
 tr
ip
 
ea
ch
 d
ay
.
R
id
er
sh
ip
 p
er
 u
ni
t o
f o
pe
ra
tin
g 
co
st
 
w
ill 
be
 tw
ic
e 
as
 h
ig
h 
in
 D
en
se
vi
lle
.
D
en
se
vi
lle
ha
s 
m
or
e 
rid
er
s 
be
ca
us
e 
it 
ha
s 
m
or
e 
pe
op
le
, a
nd
 m
or
e 
ac
tiv
iti
es
, 
in
 th
e 
fix
ed
 a
re
a 
w
ith
in
 w
al
ki
ng
 
di
st
an
ce
 o
f a
ny
 tr
an
si
t s
to
p.
D
en
se
vil
le
’s
In
te
ns
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at
io
n 
Ef
fe
ct
s
•D
iff
er
en
ce
s 
in
 d
en
si
ty
 im
pl
y 
ot
he
r 
im
po
rt
an
t 
di
ff
er
en
ce
s
•
Ea
si
er
 t
o 
ow
n 
an
d 
pa
rk
 c
ar
s 
in
 S
pa
rs
ev
ill
e
•
D
en
se
vi
lle
re
si
de
nt
s 
ha
ve
 le
ss
 n
ee
d 
to
 d
riv
e 
(c
an
 w
al
k 
or
 b
ik
e 
to
 m
or
e 
pl
ac
es
)
•
D
en
se
vi
lle
re
si
de
nt
s 
ha
ve
 lo
w
er
 r
at
es
 o
f c
ar
 o
w
ne
rs
hi
p
•
Th
e 
ra
te
 o
f t
ra
ns
it 
us
e 
pe
r 
pe
rs
on
 w
ill
 b
e 
hi
gh
er
 in
 D
en
se
vi
lle
•R
id
er
sh
ip
 =
 P
op
ul
at
io
n 
×
R
at
e 
of
 T
ra
ns
it 
U
se
r 
pe
r 
Pe
rs
on
•R
id
er
sh
ip
 o
ft
en
 v
ar
ie
s 
w
ith
 t
he
 s
qu
ar
e 
of
 t
he
 d
en
si
ty
•I
f 
yo
u 
do
ub
le
 t
he
 d
en
si
ty
, 
tr
an
si
t 
de
m
an
d 
go
es
 u
p 
by
 m
or
e 
th
an
 
do
ub
le
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Jo
b/
Ac
tiv
ity
 D
en
sit
y
•E
ff
ec
tiv
e 
se
rv
ic
e 
al
lo
ca
tio
n 
po
lic
y 
w
ill
 c
ou
nt
 b
ot
h 
re
si
de
nt
ia
l d
en
si
ty
 
an
d 
th
e 
de
ns
ity
 o
f 
ac
tiv
iti
es
 p
eo
pl
e 
ne
ed
 t
o 
tr
av
el
 t
o
•T
he
 c
on
ce
nt
ra
tio
n 
of
 j
ob
s 
m
ay
 a
ff
ec
t 
ri
de
rs
hi
p 
m
or
e 
th
an
 t
he
 
co
nc
en
tr
at
io
n 
of
 r
es
id
en
ts
•T
ri
p 
ge
ne
ra
tio
n 
–
ho
w
 o
ft
en
 d
oe
s 
so
m
eo
ne
 in
 t
hi
s 
zo
ne
 w
an
t 
to
 g
o 
so
m
ew
he
re
•T
ri
p 
at
tr
ac
tio
n 
–
ho
w
 o
ft
en
 d
oe
s 
so
m
eb
od
y 
w
an
t 
to
 g
o 
to
 
so
m
ew
he
re
 in
 t
hi
s 
zo
ne
Po
lic
y:
 H
ow
 w
ou
ld
 y
ou
 d
ep
lo
y 
se
rv
ice
?
•C
ov
er
ag
e 
G
oa
l:
 S
er
ve
 a
ll 
pa
rt
s 
of
 o
ur
 c
om
m
un
ity
•
Sa
m
e 
am
ou
nt
 o
f s
er
vi
ce
 e
ve
ry
w
he
re
•
Co
m
m
on
 in
 s
m
al
le
r 
ci
tie
s 
tr
an
si
t 
is
 m
or
e 
of
 a
 li
fe
lin
e 
se
rv
ic
e 
fo
r 
tr
an
si
t 
de
pe
nd
en
t
•
Al
lo
ca
te
s 
se
rv
ic
e 
in
 p
ro
po
rt
io
n 
to
 a
re
a,
 n
ot
 in
 p
ro
po
rt
io
n 
to
 p
op
ul
at
io
n
•E
qu
ity
 G
oa
l:
 S
er
vi
ce
 s
ha
ll 
be
 a
llo
ca
te
d 
pr
op
or
tio
na
l t
o 
po
pu
la
tio
n
•
D
en
se
vi
lle
’s
tr
an
si
t 
se
rv
ic
e 
ru
ns
 t
w
ic
e 
as
 fr
eq
ue
nt
ly
 a
s 
Sp
ar
se
vi
lle
’s
•
D
en
se
vi
lle
bu
se
s 
w
ill
 s
til
l b
e 
m
or
e 
cr
ow
de
d
•
G
re
at
er
 p
ro
pe
ns
ity
 t
o 
us
e 
tr
an
si
t 
in
 d
en
se
r 
ar
ea
s
•
In
cr
ea
se
d 
fr
eq
ue
nc
y 
w
ill
 a
tt
ra
ct
 m
or
e 
rid
er
s
•
Se
em
s 
fa
ir 
bu
t 
w
ill
 s
til
l d
ra
w
 c
om
pl
ai
nt
s
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•
R
id
er
sh
ip
 G
oa
l:
 M
ax
im
iz
e 
ri
de
rs
hi
p 
w
it
h 
ou
r 
fix
ed
 s
er
vi
ce
 b
ud
ge
t
•
En
vi
ro
nm
en
ta
lis
ts
 w
an
ti
ng
 t
o 
re
du
ce
 v
eh
ic
le
 m
ile
s
•
Fi
sc
al
 c
on
se
rv
at
iv
es
 w
an
ti
ng
 t
ra
ns
it
 t
o 
ru
n 
a 
pr
of
it
•
B
ot
h 
as
k:
 A
re
 w
e 
al
lo
ca
ti
ng
 t
ra
ns
it
 r
es
ou
rc
es
 t
o 
ca
rr
y 
as
 m
an
y 
ri
de
rs
 a
s 
po
ss
ib
le
 
w
it
hi
n 
ou
r 
bu
dg
et
?
•
W
it
h 
ri
de
rs
hi
p 
go
al
, 
w
e 
sh
ou
ld
 c
ut
 s
er
vi
ce
 f
ur
th
er
 in
 S
pa
rs
ev
ill
e
an
d 
ad
d 
se
rv
ic
e 
in
 
D
en
se
vi
lle
•
D
ep
lo
y 
se
rv
ic
e 
w
he
re
ve
r 
it
 w
ill
 c
ar
ry
 t
he
 m
os
t 
pe
op
le
•
Th
e 
C
ov
er
ag
e 
G
oa
l a
pp
or
ti
on
s 
se
rv
ic
e 
re
ga
rd
le
ss
 o
f 
de
ns
it
y
•
Th
e 
Eq
ui
ty
 G
oa
l a
pp
or
ti
on
s 
se
rv
ic
e 
pr
op
or
ti
on
al
 t
o 
de
ns
it
y
•
Th
e 
R
id
er
sh
ip
 G
oa
l a
pp
or
ti
on
s 
se
rv
ic
e 
in
 r
es
po
ns
e 
to
 t
he
 o
bs
er
ve
d 
pa
tt
er
n 
on
 d
em
an
d
Po
lic
y:
 H
ow
 w
ou
ld
 y
ou
 d
ep
lo
y 
se
rv
ice
?
Po
lic
y:
 H
ow
 w
ou
ld
 y
ou
 d
ep
lo
y 
se
rv
ice
?
Fr
om
 P
ol
icy
 to
 N
et
w
or
k
Se
rv
ice
 A
llo
ca
tio
n 
Po
lic
y
•P
er
ce
nt
ag
e 
sp
lit
 o
f 
re
so
ur
ce
s 
be
tw
ee
n 
th
e 
di
ff
er
en
t 
go
al
s
•
Ex
am
pl
e,
 a
llo
ca
te
 5
5%
 o
f r
es
ou
rc
es
 a
cc
or
di
ng
 t
o 
th
e 
Ri
de
rs
hi
p 
G
oa
l a
nd
 4
5%
 
ac
co
rd
in
g 
to
 t
he
 C
ov
er
ag
e 
G
oa
l
•S
er
vi
ce
s 
ju
st
ifi
ed
 b
y 
th
e 
R
id
er
sh
ip
 G
oa
l w
ou
ld
 b
e 
as
se
ss
ed
 b
as
ed
 o
n 
ri
de
rs
hi
p
•S
er
vi
ce
s 
ju
st
ifi
ed
 b
y 
th
e 
C
ov
er
ag
e 
G
oa
l w
ou
ld
 b
e 
as
se
ss
ed
 b
as
ed
 o
n 
th
e 
pe
rc
en
ta
ge
 o
f 
th
e 
po
pu
la
tio
n 
th
at
 t
he
y 
co
ve
r 
an
d 
th
e 
ef
fic
ie
nc
y 
w
ith
 w
hi
ch
 t
he
y 
do
 t
ha
t
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Th
e 
Fe
ed
ba
ck
 L
oo
p
•H
ig
h 
qu
al
ity
 t
ra
ns
it 
in
 D
en
se
vi
lle
ca
n 
m
ak
e 
m
or
e 
pe
op
le
 w
an
t 
to
 
lo
ca
te
 t
he
re
, 
an
d 
it 
w
ill
 g
et
 e
ve
n 
de
ns
er
.
•D
en
si
ty
, 
se
rv
ic
e,
 a
nd
 r
id
er
sh
ip
 a
re
 a
ll 
fe
ed
in
g 
of
f 
of
 e
ac
h 
ot
he
r
C
on
ne
ct
io
ns
 o
r C
om
pl
ex
ity
?
•M
an
y-
to
-o
ne
 n
et
w
or
k
•
O
ne
 e
xa
m
pl
e 
w
he
re
 c
on
ne
ct
io
n-
fr
ee
 n
et
w
or
ks
 w
or
k 
w
el
l
•
Ev
er
yo
ne
 is
 g
oi
ng
 t
o 
th
e 
sa
m
e 
de
st
in
at
io
n
•
Ra
di
al
 n
et
w
or
k
•M
an
y-
to
-m
an
y 
de
m
an
d 
pa
tt
er
ns
•
M
or
e 
ty
pi
ca
l
•
Ch
oi
ce
 b
et
w
ee
n 
co
nn
ec
tio
ns
 o
r 
co
m
pl
ex
ity
: 
If
 y
ou
 t
ry
 t
o 
av
oi
d 
co
nn
ec
tio
ns
, y
ou
 
w
ill
 c
re
at
e 
a 
ve
ry
 c
om
pl
ex
 n
et
w
or
k 
w
ith
 lo
w
er
 fr
eq
ue
nc
ie
s
C
on
ne
ct
io
ns
 a
nd
 F
re
qu
en
cy •D
ire
ct
 S
er
vi
ce
 O
pt
io
n
•
D
ir
ec
t 
se
rv
ic
e 
fr
om
 e
ac
h 
re
si
de
nt
ia
l a
re
a 
to
 
ea
ch
 a
ct
iv
it
y 
ce
nt
er
•
N
in
e 
tr
an
si
t 
lin
es
•
H
ea
dw
ay
 3
0 
m
in
ut
es
•
Co
nn
ec
tiv
e 
O
pt
io
n
•
D
ir
ec
t 
lin
e 
fr
om
 e
ac
h 
re
si
de
nt
ia
l a
re
a 
to
 o
ne
ac
ti
vi
ty
 c
en
te
r
•
A
ll 
lin
es
 c
on
ne
ct
 a
t 
a 
st
ra
te
gi
c 
po
in
t
•
Th
re
e 
tr
an
si
t 
lin
es
•
H
ea
dw
ay
 1
0 
m
in
ut
es
•
D
on
’t 
ne
ed
 t
o 
w
or
ry
 a
bo
ut
 t
im
et
ab
le
s
•
To
ta
l t
rip
 t
im
e 
co
ul
d 
ac
tu
al
ly
 b
e 
fa
st
er
•
To
ta
l t
rip
 t
im
e 
is
 s
ho
rt
er
 w
ith
 C
on
ne
ct
iv
e 
op
tio
n 
du
e 
to
 h
ig
he
r 
fr
eq
ue
nc
y 
an
d 
sh
or
te
r 
w
ai
t 
tim
e
•
Fr
eq
ue
nc
y 
is
 le
ss
 im
po
rt
an
t 
if 
yo
u 
or
ga
ni
ze
 
yo
ur
 s
ch
ed
ul
e 
ar
ou
nd
 t
he
 t
ra
ns
it 
sc
he
du
le
•
Th
e 
ad
va
nt
ag
es
 o
f 
th
e 
Co
nn
ec
tiv
e 
op
tio
n 
in
cr
ea
se
 a
s 
th
e 
ci
ty
 g
ro
w
s
•
Th
e 
Co
nn
ec
tiv
e 
ne
tw
or
k 
is
 s
im
pl
er
, 
w
ith
 f
ew
er
 
tr
an
si
t 
lin
es
, 
w
hi
ch
 m
ak
es
 it
 e
as
ie
r 
to
 le
ar
n
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Be
ne
fit
s 
of
 C
on
ne
ct
io
ns
•
A
 C
on
ne
ct
iv
e 
ne
tw
or
k 
co
ve
rs
 t
he
 s
am
e 
ar
ea
 w
it
h 
fa
r 
fe
w
er
 r
ou
te
s
•
B
ec
au
se
 o
f 
gr
ea
te
r 
ro
ut
e 
di
st
an
ce
, 
fr
eq
ue
nc
y 
or
 s
pa
n 
m
us
t 
be
 lo
w
er
•
Lo
w
 f
re
qu
en
cy
 a
nd
 s
ho
rt
er
 s
pa
n 
m
ea
n:
•
M
or
e 
w
ai
ti
ng
•
C
on
st
ra
in
in
g 
yo
ur
 s
ch
ed
ul
e 
to
 t
he
 t
ra
ns
it
 s
ch
ed
ul
e
•
H
ig
he
r 
ri
sk
 o
f 
tr
ip
 b
ei
ng
 d
is
ru
pt
ed
 b
y 
a 
re
lia
bi
lit
y 
pr
ob
le
m
 w
it
h 
a 
si
ng
le
 v
eh
ic
le
•
A
 D
ir
ec
t 
S
er
vi
ce
 n
et
w
or
k 
ha
s 
m
or
e 
ov
er
la
pp
in
g 
lin
es
 a
nd
 m
or
e 
co
m
pl
ex
it
y
•
M
or
e 
di
ff
ic
ul
t 
to
 u
nd
er
st
an
d 
th
e 
sy
st
em
•
To
 a
vo
id
 c
on
ne
ct
io
ns
 w
e 
m
us
t 
sa
cr
ifi
ce
 f
re
qu
en
cy
, 
sp
an
, 
an
d 
si
m
pl
ic
it
y
D
es
ig
ni
ng
 a
 C
on
ne
ct
ive
 N
et
w
or
k
•A
sp
ec
ts
 o
f 
ea
ch
 c
on
ne
ct
io
n 
po
in
t 
ar
e 
im
po
rt
an
t
•
Ti
m
in
g:
 I
s 
th
e 
co
nn
ec
tio
n 
po
in
t’s
 p
os
iti
on
 in
 t
he
 n
et
w
or
k 
co
nd
uc
iv
e 
to
 fa
st
 
co
nn
ec
tio
ns
?
•
En
vi
ro
nm
en
t
•
Is
 it
 a
 s
af
e 
an
d 
pl
ea
sa
nt
 p
la
ce
 t
o 
w
ai
t?
 O
r 
w
al
k?
•
D
oe
s 
th
e 
si
te
 le
nd
 it
se
lf 
to
 r
el
ia
bl
e 
op
er
at
io
ns
, 
ke
ep
in
g 
tr
an
si
t 
ve
hi
cl
es
 o
ut
 o
f 
co
ng
es
tio
n 
or
 o
th
er
 c
au
se
s 
of
 d
el
ay
?
•
D
oe
s 
it 
of
fe
r 
ad
di
tio
na
l r
id
er
sh
ip
 p
ot
en
tia
l?
Pu
lse
 N
et
w
or
k
•
Ti
m
ed
 t
ra
ns
fe
rs
 a
m
on
g 
m
ul
ti
pl
e 
ve
hi
cl
es
•
C
om
m
on
 in
 s
m
al
le
r 
ci
ti
es
 o
r 
su
bu
rb
an
 a
re
as
 w
it
h 
le
ss
 f
re
qu
en
t 
se
rv
ic
e
•
S
ch
ed
ul
es
 c
oo
rd
in
at
ed
 s
o 
th
at
 b
us
es
 f
ro
m
 e
ac
h 
ro
ut
e 
co
m
e 
to
ge
th
er
 a
t 
a 
ce
nt
ra
l p
oi
nt
•
Pr
ov
id
es
 f
as
t 
co
nn
ec
ti
on
s
Pu
lse
 N
et
w
or
k
Pu
ls
e 
ne
tw
or
ks
 c
an
 b
e 
m
or
e 
so
ph
is
tic
at
ed
 w
ith
 
m
ul
tip
le
 p
ul
se
 p
oi
nt
s 
w
he
re
 b
us
es
 m
ee
t.
C
an
 a
ls
o 
be
 u
se
d 
fo
r t
ra
in
s 
or
 fe
rri
es
.
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G
rid
 N
et
w
or
k
•
Yo
u’
re
 d
es
ig
ni
ng
 a
 t
ra
ns
it 
sy
st
em
 fo
r 
th
e 
fo
llo
w
in
g:
•
Fa
ir
ly
 d
en
se
 c
it
y 
th
at
 h
as
 m
an
y 
ac
ti
vi
ty
 c
en
te
rs
•
Yo
u 
w
an
t 
pe
op
le
 t
o 
be
 a
bl
e 
to
 t
ra
ve
l f
ro
m
 
an
yw
he
re
 t
o 
an
yw
he
re
 e
ls
e 
by
 a
 r
ea
so
na
bl
y 
di
re
ct
 p
at
h,
 a
t 
a 
hi
gh
 f
re
qu
en
cy
•
Th
en
, 
th
e 
gr
id
 p
at
te
rn
 is
 m
os
t 
ef
fic
ie
nt
•
Se
rv
ic
es
 h
av
e 
to
 b
e 
fr
eq
ue
nt
 s
o 
rid
er
s 
do
 
no
t 
ha
ve
 t
o 
w
ai
t 
lo
ng
 fo
r 
th
e 
co
nn
ec
tio
n
•
Sp
ac
in
g 
be
tw
ee
n 
lin
es
 in
 a
n 
id
ea
l s
ys
te
m
 is
 
ex
ac
tly
 t
w
ic
e 
ou
r 
m
ax
im
um
 w
al
ki
ng
 
di
st
an
ce
G
rid
 N
et
w
or
k
•T
yp
es
 o
f 
gr
id
 n
et
w
or
k
•
Re
ct
an
gu
la
r:
 I
de
al
 fo
r 
la
rg
e 
ar
ea
s 
of
 c
on
tin
uo
us
 d
en
si
ty
 
w
ith
 m
an
y 
sc
at
te
re
d 
ac
tiv
ity
 
ce
nt
er
s
•
Sp
id
er
w
eb
: 
M
ak
es
 s
en
se
 w
he
n 
yo
u 
ha
ve
 a
 s
in
gl
e,
 d
om
in
an
t 
ce
nt
er
 o
f d
em
an
d.
 R
ad
ia
tin
g 
lin
es
 a
re
 c
al
le
d 
ra
di
al
s,
 a
nd
 
ci
rc
ul
ar
 li
ne
s 
ar
e 
ca
lle
d 
or
bi
ta
ls
 
or
 c
ro
ss
to
w
ns
•M
os
t 
ci
tie
s 
ne
ed
 h
yb
ri
ds
 o
f 
th
e 
tw
o 
gr
id
 t
yp
es
G
rid
 N
et
w
or
k
•A
tt
em
pt
 t
o 
co
nn
ec
t 
an
y 
tw
o 
po
in
ts
 in
 a
 c
ity
 w
ith
 g
oo
d 
tr
an
si
t 
se
rv
ic
e,
 r
at
he
r 
th
an
 s
el
ec
tin
g 
pr
ef
er
re
d 
de
st
in
at
io
ns
•R
eq
ui
re
 h
ig
h 
fr
eq
ue
nc
y 
be
ca
us
e 
yo
u 
ca
nn
ot
 t
im
e 
ev
er
y 
co
nn
ec
tio
n
•O
pt
im
al
 g
ri
d 
is
 r
ec
ta
ng
ul
ar
, 
bu
t 
m
os
t 
ci
tie
s 
ha
ve
 h
ig
h-
de
m
an
d 
de
st
in
at
io
ns
 w
he
re
 li
ne
s 
sh
ou
ld
 c
on
ve
rg
e
•
Ev
ol
ve
 e
le
m
en
ts
 o
f a
 s
pi
de
rw
eb
gr
id
, o
r
•
Re
ta
in
 a
 r
ec
ta
ng
ul
ar
 g
rid
 b
ut
 c
on
ve
rg
e 
a 
bi
t 
ar
ou
nd
 t
he
 m
aj
or
 d
es
tin
at
io
ns
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R
ea
so
ns
 fo
r a
 C
on
ne
ct
io
n
•
G
eo
m
et
ric
al
ly
 r
eq
ui
re
d 
co
nn
ec
tio
ns
•
C
ha
ng
in
g 
di
re
ct
io
ns
 w
it
hi
n 
a 
gr
id
•
C
on
ne
ct
in
g 
be
tw
ee
n 
lin
es
 in
 a
 p
ul
se
 n
et
w
or
k
•
C
on
ne
ct
in
g 
be
tw
ee
n 
se
rv
ic
es
 o
f 
dr
am
at
ic
al
ly
 d
iff
er
en
t 
sp
ee
d 
(b
et
w
ee
n 
ra
pi
d 
tr
an
si
t 
an
d 
a 
lo
ca
l 
se
rv
ic
e,
 b
et
w
ee
n 
ai
rp
la
ne
s 
an
d 
tr
ai
ns
)
•
Po
lit
ic
al
ly
 r
eq
ui
re
d 
co
nn
ec
tio
ns
•
O
cc
ur
 a
t 
go
ve
rn
m
en
t 
bo
un
da
ri
es
 w
he
re
 y
ou
 c
on
ne
ct
 f
ro
m
 o
ne
 a
ge
nc
y’
s 
se
rv
ic
e 
to
 a
no
th
er
•
Po
lit
ic
al
 p
ro
bl
em
•
Te
ch
no
lo
gi
ca
lly
 r
eq
ui
re
d 
co
nn
ec
tio
ns
•
C
ha
ng
in
g 
fr
om
 o
ne
 k
in
d 
of
 t
ra
ns
it
 v
eh
ic
le
 t
o 
an
ot
he
r,
 e
ve
n 
to
 c
on
ti
nu
e 
in
 t
he
 s
am
e 
ge
ne
ra
l 
di
re
ct
io
n 
an
d 
th
e 
sa
m
e 
ge
ne
ra
l s
pe
ed
•
In
te
rr
up
ts
 a
 lo
gi
ca
l, 
lin
ea
r 
pa
tt
er
n 
of
 t
ra
ns
it
Be
 o
n 
th
e 
W
ay
! T
ra
ns
it I
m
pl
ica
tio
ns
 o
f L
oc
at
io
n 
Ch
oi
ce
•A
n 
ef
fic
ie
nt
 t
ra
ns
it 
lin
e 
co
nn
ec
ts
 
m
ul
tip
le
 p
oi
nt
s 
bu
t 
is
 a
ls
o 
re
as
on
ab
le
 d
ir
ec
t
•G
oo
d 
tr
an
si
t 
ge
og
ra
ph
y 
is
 a
ny
 
ge
og
ra
ph
y 
in
 w
hi
ch
 h
ig
h-
de
m
an
d 
tr
an
si
t 
de
st
in
at
io
ns
 a
re
 o
n 
a 
di
re
ct
 
an
d 
op
er
ab
le
 p
at
h 
be
tw
ee
n 
ot
he
r 
hi
gh
-d
em
an
d 
tr
an
si
t 
de
st
in
at
io
ns
Ty
pe
s 
of
 C
ul
-d
e-
Sa
cs
•A
 p
er
so
n 
w
ho
 li
ve
s 
at
 t
he
 e
nd
 o
f 
a 
m
ile
-l
on
g 
de
ad
-e
nd
 r
oa
d 
co
m
pl
ai
ns
 t
ha
t 
th
e 
bu
s 
do
es
n’
t 
go
 b
y 
th
ei
r 
ho
us
e.
 
•A
 s
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 fo
r c
on
ve
rti
ng
 e
xi
st
in
g 
hi
gh
w
ay
s 
to
 to
ll 
fa
ci
lit
ie
s,
 a
nd
 
re
qu
ire
m
en
ts
 to
 a
pp
ly
 to
ll 
re
ve
nu
es
 to
 tr
an
sp
or
ta
tio
n 
pr
oj
ec
ts
 in
 th
e 
sa
m
e 
co
rr
id
or
;
•
R
es
is
ta
nc
e 
fro
m
 to
ll 
ro
ad
 u
se
rs
 to
 n
ew
 o
r h
ig
he
r f
ee
s;
 a
nd
•
D
iv
er
si
on
 o
f r
ev
en
ue
s 
fro
m
 ro
ad
w
ay
 fu
nd
in
g 
ne
ed
s.
In
no
va
tiv
e 
Pa
rtn
er
sh
ip
s
•
Lo
ca
l g
ov
er
nm
en
t
•
Ag
re
em
en
ts
 to
 p
ro
vi
de
 a
 p
or
tio
n 
of
 fu
nd
in
g 
fo
r c
ap
ita
l p
ro
je
ct
s
•
Ta
xi
ng
 ty
pe
 s
tru
ct
ur
es
 s
et
 u
p 
fo
r o
ng
oi
ng
 o
pe
ra
tio
ns
 fu
nd
in
g
•
H
ea
lth
ca
re
•
N
eg
ot
ia
tio
ns
 fo
r t
ra
ns
it 
pa
ss
es
 fo
r e
m
pl
oy
ee
s
•
N
am
in
g 
rig
ht
s 
w
ith
 la
rg
e 
he
al
th
 fa
ci
lit
ie
s
•
R
et
ai
l b
us
in
es
se
s
•
Bu
lk
 p
as
s 
sa
le
s
•
Le
as
in
g 
sp
ac
e 
to
 re
ta
il 
bu
si
ne
ss
es
 in
 fa
ci
lit
ie
s 
ow
ne
d 
by
 th
e 
tra
ns
it 
ag
en
cy
•
U
til
ity
 c
om
pa
ni
es
•
In
st
al
lin
g 
co
m
m
on
 u
til
ity
 li
ne
 n
ee
ds
•
Se
llin
g 
po
w
er
 b
ac
k 
th
ro
ug
h 
so
la
r o
r o
th
er
 g
en
er
at
io
n 
by
 th
e 
tra
ns
it 
ag
en
cy
•
N
eg
ot
ia
tio
ns
 fo
r u
til
ity
 p
ric
in
g 
ba
se
d 
on
 b
ul
k 
us
e
•
St
at
e 
go
ve
rn
m
en
t
•
Au
th
or
iz
at
io
ns
 fr
om
 th
e 
st
at
e 
fo
r t
he
 tr
an
si
t a
ge
nc
y 
to
 o
pe
ra
te
•
Fu
nd
in
g 
th
ro
ug
h 
au
th
or
iz
at
io
ns
 fo
r u
si
ng
 p
ro
pe
rty
 o
r s
al
es
 ta
xe
s
•
Sc
ho
ol
s
•
Bu
lk
 s
al
e 
or
 d
is
tri
bu
tio
n 
of
 tr
an
si
t p
as
se
s
5Ke
y 
Fi
nd
in
gs
•
Tr
ad
eo
ff 
be
tw
ee
n 
re
ve
nu
e 
po
te
nt
ia
l a
nd
 c
om
pl
ex
ity
Ke
y 
Fi
nd
in
gs
•
In
no
va
tiv
e 
fu
nd
in
g 
so
ur
ce
s 
us
ed
 fo
r b
ot
h 
ca
pi
ta
l a
nd
 
op
er
at
in
g 
bu
dg
et
s
•
Ag
en
ci
es
 o
f v
ar
yi
ng
 s
iz
es
 a
nd
 re
so
ur
ce
 c
ap
ab
ilit
ie
s 
us
e 
in
no
va
tiv
e 
fu
nd
in
g 
st
ra
te
gi
es
, t
ho
ug
h 
la
rg
er
 a
ge
nc
ie
s 
ar
e 
m
or
e 
lik
el
y 
to
 p
ur
su
e 
m
ul
tip
le
 in
no
va
tiv
e 
pr
ac
tic
es
•
Pa
rtn
er
sh
ip
s 
pr
ov
id
e 
bo
th
 ta
ng
ib
le
 a
nd
 in
ta
ng
ib
le
 b
en
ef
its
•
In
cr
ea
se
 le
ve
l o
f p
ro
fe
ss
io
na
l e
xp
er
tis
e 
an
d 
ef
fic
ie
nc
y 
of
 p
ro
je
ct
s
•
C
re
at
e 
bu
y 
in
 fr
om
 th
e 
pu
bl
ic
, b
y 
ad
di
ng
 th
e 
cr
ed
ib
ilit
y 
of
 th
e 
pr
iv
at
e 
se
ct
or
•
In
no
va
tiv
e 
fu
nd
in
g 
w
ill 
be
 v
er
y 
im
po
rta
nt
 in
 th
e 
fu
tu
re
Le
ss
on
s 
Le
ar
ne
d 
fro
m
 S
ur
ve
y
•
M
os
t U
.S
. t
ra
ns
it 
ag
en
cie
s,
 e
sp
ec
ia
lly
 tr
ue
 o
f s
m
al
le
r a
ge
nc
ie
s,
 a
re
 
re
se
ar
ch
in
g 
in
no
va
tiv
e 
fu
nd
in
g 
m
et
ho
ds
 b
ut
 h
av
e 
no
t i
m
pl
em
en
te
d 
th
em
.
•
Th
e 
m
os
t b
en
ef
ici
al
 fu
nd
in
g 
ty
pe
s 
re
qu
ire
 lo
ng
 le
ad
 ti
m
es
 a
nd
 a
re
 
co
m
pl
ex
 re
qu
iri
ng
 m
or
e 
ex
pe
rti
se
, r
es
ou
rc
es
 a
nd
 p
re
pa
ra
tio
ns
. T
hi
s 
re
qu
ire
s 
ag
en
cie
s 
to
 b
e 
wi
llin
g 
to
 d
ed
ica
te
 th
e 
ne
ce
ss
ar
y 
ef
fo
rt 
an
d 
po
ss
ib
le
 re
so
ur
ce
s 
to
 a
ch
ie
ve
 th
e 
go
al
.
•
Th
er
e 
is 
a 
di
ffi
cu
lty
 in
 v
al
ui
ng
 p
ub
lic
 a
ss
et
s 
(e
.g
. r
ig
ht
 o
f w
ay
, a
dv
er
tis
in
g 
sp
ac
e)
 a
s 
pa
rt 
of
 d
ea
ls 
wi
th
 p
riv
at
e 
se
ct
or
 p
ar
tn
er
s.
 A
 c
or
re
ct
 a
ss
es
sm
en
t 
of
 th
e 
va
lu
e 
bo
th
 n
ea
r a
nd
 lo
ng
 te
rm
 is
 o
fte
n 
th
e 
so
ur
ce
 o
f 
pr
og
ra
m
/p
ro
je
ct
 d
el
ay
.
•
Le
ad
er
s 
ha
ve
 b
ee
n 
la
rg
el
y 
su
cc
es
sf
ul
 in
 id
en
tif
yin
g 
su
bs
ta
nt
ia
l a
nd
 
su
st
ai
na
bl
e 
in
no
va
tiv
e 
fu
nd
in
g 
by
 le
ve
ra
gi
ng
 e
xis
tin
g 
as
se
ts
 fo
r 
in
cr
ea
se
d 
lo
ng
 te
rm
 b
en
ef
its
, i
nv
es
tin
g 
cu
rre
nt
 w
or
th
 in
 re
al
 p
ro
pe
rty
 a
nd
 
la
nd
 im
pr
ov
em
en
ts
 fo
r a
 g
re
at
er
 fu
tu
re
 v
al
ue
.
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N
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O
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D
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N
D
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TE
R
C
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SI
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R
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C
H
N
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U
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TC
R
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Sy
nt
he
si
s 
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O
nb
oa
rd
 a
nd
 In
te
rc
ep
t S
ur
ve
ys
•O
n
bo
ar
d 
su
rv
ey
: 
Su
rv
ey
 c
on
du
ct
ed
 o
n 
bu
se
s,
 
su
bw
ay
 c
ar
s,
 li
gh
t 
ra
il 
ca
rs
, 
co
m
m
ut
er
 t
ra
in
s,
 
pa
ra
tr
an
si
t
ve
hi
cl
es
•I
n
te
rc
ep
t 
su
rv
ey
: 
Su
rv
ey
s 
co
nd
uc
te
d 
in
 p
er
so
n
O
nb
oa
rd
 a
nd
 In
te
rc
ep
t S
ur
ve
ys
•
O
nb
oa
rd
 a
nd
 in
te
rc
ep
t 
su
rv
ey
s 
ar
e 
hi
gh
ly
 v
al
ua
bl
e 
to
 t
ra
ns
it 
ag
en
ci
es
 a
s 
a 
m
ea
ns
 o
f 
ob
ta
in
in
g 
im
po
rt
an
t 
in
fo
rm
at
io
n
•
O
nb
oa
rd
 a
nd
 in
te
rc
ep
t 
su
rv
ey
s 
us
ed
 t
o 
co
lle
ct
 d
at
a 
fo
r:
•
Cu
st
om
er
 t
rip
 c
ha
ra
ct
er
is
tic
s
•
Tr
av
el
 b
eh
av
io
r
•
D
em
og
ra
ph
ic
 c
ha
ra
ct
er
is
tic
s
•
Cu
st
om
er
 a
tt
itu
de
s 
ab
ou
t 
se
rv
ic
e
•
S
ur
ve
y 
re
su
lt
s 
us
ed
 f
or
:
•
Tr
av
el
 m
od
el
in
g
•
Lo
ng
-r
an
ge
 a
nd
 a
re
a-
w
id
e 
pl
an
ni
ng
•
Ro
ut
e 
pl
an
ni
ng
 a
nd
 s
ch
ed
ul
in
g
•
Se
rv
ic
e 
de
si
gn
•
M
ar
ke
tin
g
•
Cu
st
om
er
 c
om
m
un
ic
at
io
ns
O
nb
oa
rd
 a
nd
 In
te
rc
ep
t S
ur
ve
ys
•L
ar
ge
 a
ge
nc
ie
s 
co
nd
uc
t 
5 
or
 m
or
e 
su
rv
ey
s 
an
nu
al
ly
•S
m
al
l a
ge
nc
ie
s 
co
nd
uc
t 
su
rv
ey
s 
ev
er
y 
1-
3 
ye
ar
s
•S
ur
ve
ys
 g
en
er
al
ly
 a
dd
re
ss
 2
-4
 o
f 
th
e 
fo
llo
w
in
g:
•
W
he
re
 a
nd
 w
he
n 
do
 c
us
to
m
er
s 
us
e 
tr
an
si
t?
•
W
ho
 u
se
s 
tr
an
si
t?
•
H
ow
 s
at
is
fie
d 
ar
e 
cu
st
om
er
s?
•
W
hy
 d
o 
cu
st
om
er
s 
us
e 
tr
an
si
t?
•
H
ow
 c
ou
ld
 t
he
 a
ge
nc
y 
at
tr
ac
t 
in
cr
ea
se
d 
ri
de
rs
hi
p?
•
H
ow
 e
ff
ec
tiv
e 
ar
e 
th
e 
ag
en
cy
 c
om
m
un
ic
at
io
ns
 a
nd
 in
fo
rm
at
io
n?
2Im
po
rta
nt
 is
su
es
 in
 p
la
nn
in
g 
an
d 
co
nd
uc
tin
g 
th
es
e 
su
rv
ey
s
•
W
ha
t 
is
 t
he
 m
os
t 
ef
fe
ct
iv
e 
w
ay
 o
f 
ob
ta
in
in
g 
a 
re
pr
es
en
ta
tiv
e 
sa
m
pl
e 
of
 t
he
 t
ar
ge
t 
ri
de
r 
gr
ou
p?
•
W
ha
t 
is
 t
he
 c
le
ar
es
t 
w
ay
 t
o 
w
or
d 
qu
es
tio
ns
 a
nd
 e
lic
it 
ac
cu
ra
te
 
re
sp
on
se
s?
•
W
ha
t 
ar
e 
th
e 
ef
fe
ct
iv
e 
w
ay
s 
of
 e
lic
iti
ng
 m
ea
ni
ng
fu
l r
es
po
ns
es
 o
n 
se
rv
ic
e 
qu
al
ity
 is
su
es
?
•
W
ha
t 
re
sp
on
se
 r
at
es
 h
av
e 
be
en
 a
ch
ie
ve
d?
•
W
ha
t 
te
ch
ni
qu
es
 h
av
e 
tr
an
si
t 
ag
en
ci
es
 u
se
d 
to
 in
cr
ea
se
 r
es
po
ns
e 
ra
te
s?
•
H
ow
 lo
ng
 c
an
 s
ur
ve
ys
 b
e 
w
ith
ou
t 
di
sc
ou
ra
gi
ng
 p
ar
tic
ip
at
io
n?
•
H
ow
 o
ft
en
 a
re
 s
ur
ve
y 
re
su
lts
 u
pd
at
ed
?
Pl
an
ni
ng
 S
ur
ve
y
•
D
ef
in
in
g 
pr
oj
ec
t 
go
al
s
•
C
ho
os
in
g 
w
he
re
 a
nd
 h
ow
 t
o 
co
nd
uc
t 
th
e 
su
rv
ey
•
Id
en
tif
yi
ng
 t
he
 s
tu
dy
 p
op
ul
at
io
n 
an
d 
sa
m
pl
in
g 
fr
am
e
•
D
ec
id
in
g 
w
ha
t 
de
gr
ee
 o
f 
pr
ec
is
io
n 
is
 n
ee
de
d 
in
 t
he
 r
es
ul
ts
Pr
oj
ec
t G
oa
ls
•
W
ha
t 
in
fo
rm
at
io
n 
do
es
 t
he
 s
ur
ve
y 
ne
ed
 t
o 
co
lle
ct
?
•
M
aj
or
 a
re
as
:
•
Tr
av
el
 m
od
el
in
g
•
Lo
ng
-r
an
ge
 a
nd
 a
re
a-
w
id
e 
pl
an
ni
ng
•
Ro
ut
e 
pl
an
ni
ng
 a
nd
 s
ch
ed
ul
in
g
•
M
ar
ke
tin
g
•
Cu
st
om
er
 c
om
m
un
ic
at
io
ns
•
S
ur
ve
ys
 c
an
 c
ov
er
 m
ul
tip
le
 a
re
as
 (
bu
t 
ra
re
ly
 a
ll 
of
 t
he
m
)
•
O
rig
in
-d
es
tin
at
io
n 
su
rv
ey
s 
ar
e 
us
ed
 in
 r
ou
te
 p
la
nn
in
g,
 lo
ng
-r
an
ge
 p
la
nn
in
g,
 a
nd
 
sc
he
du
lin
g 
an
d 
m
od
el
in
g
•
Cu
st
om
er
 a
tt
itu
de
 a
nd
 d
em
og
ra
ph
ic
 s
ur
ve
ys
 a
re
 u
se
d 
in
 a
re
a-
w
id
e 
an
d 
ro
ut
e 
pl
an
ni
ng
, 
m
ar
ke
tin
g,
 a
nd
 c
us
to
m
er
 c
om
m
un
ic
at
io
ns
W
he
re
 a
nd
 h
ow
 to
 c
on
du
ct
 s
ur
ve
ys
•S
el
f-
ad
m
in
is
te
re
d 
or
 p
er
so
na
l i
nt
er
vi
ew
s?
•O
n-
bo
ar
d 
or
 in
-s
ta
tio
n?
•D
is
tr
ib
ut
io
n 
an
d 
co
lle
ct
io
n 
of
 s
el
f-
ad
m
in
is
te
re
d 
su
rv
ey
s
•P
ri
or
 n
ot
ic
e 
to
 r
id
er
s
•I
nc
en
tiv
es
3Se
lf-
Ad
m
in
is
te
re
d 
vs
. P
er
so
na
l I
nt
er
vi
ew
•S
el
f-
ad
m
in
is
te
re
d 
su
rv
ey
s
•
Re
sp
on
de
nt
s 
co
m
pl
et
e 
su
rv
ey
 f
or
m
 t
he
m
se
lv
es
 a
nd
 r
et
ur
n 
fo
rm
 t
o 
tr
an
si
t 
ag
en
cy
•
M
or
e 
co
m
m
on
 t
ha
n 
pe
rs
on
al
 in
te
rv
ie
w
s
•
D
is
tr
ib
ut
ed
 b
y 
su
rv
ey
 w
or
ke
rs
 o
r 
bu
s 
op
er
at
or
s 
or
 m
ad
e 
av
ai
la
bl
e 
in
 a
 c
on
ve
ni
en
t 
lo
ca
tio
n 
(s
uc
h 
as
 o
nb
oa
rd
 t
he
 b
us
 f
or
 r
id
er
s 
to
 
pi
ck
 u
p)
•P
er
so
na
l i
nt
er
vi
ew
•
Tr
ai
ne
d 
in
te
rv
ie
w
er
 g
ui
de
s 
re
sp
on
de
nt
s 
th
ro
ug
h 
th
e 
su
rv
ey
•
Im
po
rt
an
t 
w
he
n 
so
m
e 
re
sp
on
de
nt
s 
do
n’
t 
ha
ve
 t
he
 li
te
ra
cy
 o
r 
En
gl
is
h 
la
ng
ua
ge
 s
ki
lls
 t
o 
co
m
pl
et
e 
a 
su
rv
ey
O
nb
oa
rd
 v
s.
 In
-S
ta
tio
n 
Su
rv
ey
in
g
•M
or
e 
co
m
m
on
 o
nb
oa
rd
•R
ea
so
ns
 f
or
 o
nb
oa
rd
 s
ur
ve
y
•
S
te
ad
y 
flo
w
 o
f 
ri
de
rs
•
A
de
qu
at
e 
tim
e 
to
 c
om
pl
et
e 
su
rv
ey
•
S
ur
ve
ys
 c
an
 b
e 
re
tu
rn
ed
 o
n 
th
e 
sp
ot
•
Re
la
tiv
el
y 
sa
fe
 e
nv
ir
on
m
en
t 
fo
r 
su
rv
ey
or
s
•
Fa
ci
lit
at
es
 o
bt
ai
ni
ng
 a
 r
ep
re
se
nt
at
iv
e 
sa
m
pl
e 
of
 r
id
er
s
•R
ea
so
ns
 f
or
 in
-s
ta
tio
n 
su
rv
ey
•
C
ir
cu
m
st
an
ce
s 
pa
rt
ic
ul
ar
 t
o 
th
e 
su
rv
ey
 o
r 
tr
an
si
t 
pr
op
er
ty
 (
su
ch
 a
s 
if 
m
os
t 
ri
de
rs
 p
as
s 
th
ro
ug
h 
a 
fe
w
 t
ra
ns
fe
r 
po
in
ts
)
D
ist
rib
ut
io
n 
an
d 
C
ol
le
ct
io
n 
of
 S
el
f-A
dm
in
ist
er
ed
 S
ur
ve
ys
•O
ft
en
 d
is
tr
ib
ut
ed
 a
nd
 c
ol
le
ct
ed
 b
y 
su
rv
ey
 s
ta
ff
 a
ss
ig
ne
d 
fo
r 
th
is
 p
ur
po
se
 (
1 
or
 2
 s
ur
ve
y 
w
or
ke
rs
 a
ss
ig
ne
d 
to
 e
ac
h 
bu
s 
or
 
tr
ai
n 
ca
r)
•S
ur
ve
yo
rs
 o
ff
er
 q
ue
st
io
nn
ai
re
 a
nd
 p
en
 o
r 
pe
nc
il 
to
 
pa
ss
en
ge
rs
 a
s 
th
ey
 b
oa
rd
•P
as
se
ng
er
s 
re
tu
rn
 q
ue
st
io
nn
ai
re
 w
he
n 
co
m
pl
et
ed
•R
et
ur
n 
by
 m
ai
l i
s 
of
te
n 
pr
ov
id
ed
 a
s 
an
 o
pt
io
n
•S
om
e 
su
rv
ey
s 
di
st
ri
bu
te
d 
by
 b
us
 o
pe
ra
to
rs
 (
m
or
e 
co
m
m
on
 a
t 
sm
al
le
r 
ag
en
ci
es
) 
or
 le
ft
 o
nb
oa
rd
 f
or
 r
id
er
s 
to
 p
ic
k 
up
4Pr
io
r N
ot
ic
e
•S
om
e 
ag
en
ci
es
 n
ot
ify
 p
as
se
ng
er
s 
ab
ou
t 
th
e 
su
rv
ey
 in
 
ad
va
nc
e 
th
ro
ug
h 
m
ed
ia
, 
on
bo
ar
d 
an
no
un
ce
m
en
ts
, 
or
 o
th
er
 
m
ea
ns
•M
ay
 h
el
p 
bo
os
t 
re
sp
on
se
 r
at
es
In
ce
nt
iv
es
•
In
ce
nt
iv
es
 m
ay
 in
cr
ea
se
 r
es
po
ns
e 
ra
te
s,
 t
ho
ug
h 
th
er
e 
is
 li
tt
le
 
ev
id
en
ce
 t
o 
do
cu
m
en
t 
or
 q
ua
nt
ify
 t
he
 s
iz
e 
of
 t
he
 e
ff
ec
t 
fo
r 
tr
an
si
t 
su
rv
ey
s
•
Re
se
ar
ch
 o
n 
m
ai
l s
ur
ve
ys
 s
ug
ge
st
 in
ce
nt
iv
es
 in
cr
ea
se
 r
es
po
ns
e 
ra
te
s 
an
d 
th
at
 s
m
al
l i
nc
en
tiv
es
 s
en
t 
w
ith
 q
ue
st
io
nn
ai
re
s 
ha
ve
 
gr
ea
te
r 
im
pa
ct
 t
ha
n 
pr
iz
es
 a
w
ar
de
d 
af
te
rw
ar
ds
Id
en
tif
yin
g 
St
ud
y 
Po
pu
la
tio
n 
an
d 
D
ra
w
in
g 
th
e 
Sa
m
pl
e
•
Th
eo
re
tic
al
 p
op
ul
at
io
n:
 T
he
 p
op
ul
at
io
n 
to
 w
hi
ch
 r
es
ea
rc
he
rs
 w
is
h 
to
 
ge
ne
ra
liz
e.
•
Fo
r 
tr
an
si
t 
su
rv
ey
, 
th
eo
re
tic
al
 p
op
ul
at
io
n 
m
ay
 b
e 
al
l r
id
er
s 
or
 a
 s
ub
se
t 
su
ch
 a
s 
rid
er
s 
on
 a
 p
ar
tic
ul
ar
 r
ou
te
 o
r 
tr
av
el
in
g 
in
 a
 p
ar
tic
ul
ar
 a
re
a 
or
 a
t 
a 
pa
rt
ic
ul
ar
 
tim
e 
of
 d
ay
•
S
tu
dy
 p
op
ul
at
io
n:
 T
he
 p
op
ul
at
io
n 
to
 w
hi
ch
 t
he
 r
es
ea
rc
he
r 
ca
n 
ga
in
 
ac
ce
ss
.
•
Th
e 
st
ud
y 
po
pu
la
tio
n 
fo
r 
on
bo
ar
d/
in
te
rc
ep
t 
su
rv
ey
s 
co
ul
d 
be
 t
he
 s
am
e 
as
 t
he
 
th
eo
re
tic
al
 p
op
ul
at
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ASSIGNMENTS   
TL 787  
Homework 1 
Due: January 22 
1. What is your background knowledge, interest, and experience with transit, and what do you 
hope to learn from this course? 
 
2. Describe the transit system in your home community. (If none exists, describe the transit system 
of another city.) Describe the modes available, types of vehicles, operating environments, system 
design, etc. 
TL 787  
Homework 21 
Due: February 1 
The objective of this assignment is to make use of the expertise of transit planning, design and 
operations experts from around the world from the Transportation Research Board annual meeting. 
You should choose a paper written for a recent TRB annual meeting to write an approximately one page 
summary.  The essay should be organized in the following five paragraph structure: 
1. Introduction (including thesis statement) 
2. Body Paragraph One (strongest argument/piece of evidence/theme) 
3. Body Paragraph Two (additional argument/piece of evidence/theme) 
4. Body Paragraph Three (additional argument/piece of evidence/theme) 
5. Conclusion (ties together, summarizes, broader perspective) 
You can search for papers at http://amonline.trb.org/.  If you do not have free access to the full papers, 
you may email the instructor with the requested paper number and it will be emailed to you.  
You should choose a paper with a focus on topics related to public transportation.  In general, this would 
be sessions sponsored by: 
 AL020 Transit and Intermodal Transportation Law 
 AP010 Transit Management and Performance 
 AP015 Transit Capacity and Quality of Service 
 AP020 Emerging and Innovative Public Transport and Technologies 
 AP025 Public Transportation Planning and Development 
 AP030 Public Transportation Marketing and Fare Policy 
 AP040 Major Activity Center Circulation Systems 
 AP045 Intermodal Transfer Facilities 
 AP050 Bus Transit Systems 
 AP055 Rural Public and Intercity Bus Transportation 
 AP060 Paratransit 
 AP065 Rail Transit Systems 
 AP070 Commuter Rail Transportation 
 AP075 Light Rail Transit 
 AP085 Ferry Transportation 
 AR055 Rail Transit Infrastructure 
 Some papers in  ABE30 Transportation Issues in Major U.S. Cities 
 Some papers in  ABE60 Accessible Transportation and Mobility 
 
                                                          
1 This assignment was developed by the Southeastern Transportation Research, Innovation, Development and 
Education Center (STRIDE). STRIDE’s Public Transportation Course Modules and associated assignments are 
available at https://stride.ce.ufl.edu/2017/04/public-transportation-course-modules/ 
TL 787  
Homework 31 
Due: February 8 
1. (7 points) A heavily traveled bus line has a length of 12 km. It has stops every intersection and 
there are 5 blocks per kilometer (a bus stop every 200 meters). The running speed of the buses 
is 34 km/h. Terminal time is 9 minutes at each end. Assume that the buses stop at every stop, 
losing 20 seconds for deceleration and acceleration plus dwell time of 15 seconds every stop. 
The average passenger trip length on the line is 4.8 km. Service headway is 5 minutes. 
 
You want to propose a reduction of stop density to one stop per two blocks. In that case, time 
loss for deceleration/acceleration per stop would not change, but dwell times would increase to 
25 seconds per stop due to an increased number of passengers boarding and alighting per stop. 
The company management believes that the existing operation is desirable for passengers 
(short access) and that the changes would not make much of a difference in operating costs 
anyway. To convince management that the change would be useful, compute and systematically 
present the following consequences of the change in stop density, assuming uniform 
distribution of origins-destinations along the whole line: 
 
a. Additional average walking distance per passenger along the line, which includes access 
and egress (in meters per person) 
b. Additional average access and egress time (in minutes per person) if the speed of 
walking is 75 meters per minute. 
c. Reduction of the average passenger travel time on buses (in minutes per person). 
d. Change in passenger total travel time. 
e. How many buses can be saved due to higher operating speed? HINT: calculate round-
trip cycle time under current and proposed scenario and calculate number of buses 
needed based on cycle time and headway. 
 
2. (7 points) A 14-km (one-way) long trolleybus line has an operating speed Vo = 12km/h; terminal 
time at each end tt is at least 6 minutes. 
a. How many trolleybuses are required for operation with a 10-minute headway? What 
will be the cycle speed Vc for the line with that schedule? 
b. What new operating speed V’o should be achieved in order to reduce the number of 
trolleybuses by two, while maintaining the same headway and increasing the minimum 
required terminal time at one terminal to 8 minutes. 
c. What will be the offered line capacity if Cv = 80 spaces? Compute max if the line carries 
300 persons per hour on its maximum load segment? 
 
                                                          
1 Source of homework problems: Vuchic, Vukan R. (2005) Urban Transit Operations, Planning, and Economics. 
Hoboken, New Jersey: John Wiley & Sons, Inc.  
3. (6 points) A rapid transit line is 14.2 km long (one way) and has the following passenger volumes 
boarding and alighting at individual stations in the peak direction during the peak hour. 
 
Station A B C D E F G H I J K 
Boardings 
(prs/h) 
3300 1700 1900 3200 2900 1300 1600 600 400 700 0 
Alightings 
(prs/h) 
0 0 500 700 2100 700 4000 2700 2200 1700 3000 
 
Capacity of each train is 590 spaces, max is selected to be 0.9, travel speed on the line is Vo = 36 
km/h. Terminal time is 5 minutes at each terminal. 
 
a. Compute the maximum load segment (MLS) 
b. Compute the headway, frequency, number of trains required for the service, actual load 
factor, cycle time, and cycle speed. 
 
TL 787  
Homework 4 
Due: February 15 
1. (5 points) Describe the concept of elasticities, including different types of elasticities, and how 
elasticities can vary. 
 
2. (5 points) Given a calibrated utility function, u = b – 0.04C – 0.02t, where C is the cost of travel 
(in cents) and t is the travel time (in minutes). 
 
a. What will be the modal split (percentage demand traveling by each mode) for the data 
given below? 
b. Given rising gasoline prices, if C for a car increases by $1.20 (from 110 cents to 230 
cents), what impact will this change have on the modal split? 
 
Mode b C t 
Bus -0.30 85 30 
Light rail -0.35 100 50 
Car -0.25 110 35 
 
3. (5 points) Pick a rural county (a county with no metro area) located in your home state. Estimate 
demand for general purpose rural public transit in the county. Use the equation from TCRP 161: 
 
Trips per year = (2.20 * Populated age 60 or older) + (5.21 * Mobility Limited Population age 18 
to 64) + (1.52 * Residents of Households having No Vehicle) 
 
Use 2014 ACS 5-year data, which can be accessed through the American FactFinder. Use table 
numbers indicated in the lecture. 
 
4. (5 points) Find a news article about ridership for a particular transit agency. (It doesn’t have to 
be a recent article, but you should be able to find several articles if you do a Google news 
search.) Post the article on the discussion board in the Demand Analysis thread, and then give a 
one paragraph summary on the discussion board. In your summary, you should 1) briefly 
describe changes in ridership, 2) summarize the factor(s) believed to be contributing to the 
ridership changes, 3) identify if these factors are internal factors or external factors, and 4) 
discuss whether you think the given explanations for ridership changes are reasonable. 
 
TL 787  
Homework 5 
Due: February 26 
1. In week 4 lecture, we have learned about transit trip decision making process from availability, 
and comfort and convenience stand point.  In this context, please explain what mode you mostly 
chose to travel while making your regular weekday trips to work/school. Do you use public 
transit in making your every day trips? Please provide your explanation about your trip decision 
making process about why you do/do not choose transit for your regular trips. You can explain 
your answer from availability, and comfort and convenience stand point. 
 
2. The objective of this task is to get a better understanding about park-and-ride services that are 
common on transit networks in urban areas. In Transit Capacity and Quality of Service Manual 
(TRCP Report 164) Chapter 4, please review the material in pages 4-24 through 4-28, and write a 
1-page summary to explain park-and-ride service, park and ride facilities, characteristics of park 
and ride users, and park and ride market areas.  
 
Instead, if you want to review a technical report, journal article, or couple of news articles and 
then wanted to write a 1-page summary on any particular aspect relating to park-and-ride 
services; that should also be acceptable. In such situation, please provide the reference of 
materials you reviewed. This option may be a potential option for students who already have a 
good working knowledge about park-and-ride services. You don’t need to do both. Just pick one 
option.  
 
TL 787  
Homework 6 
Due: April 10th 2019 
1. (15 points) A bus stop is located at a midblock on a two-way street having two through lanes in each 
direction. There is no parking on either sides of the roadway. The design of the bus stop is linear with 
three loading areas and the bus stop position is offline relative to the road and therefore the buses must 
exit the traffic stream to serve the passengers. The average number of boarding passengers is 10 
passengers per bus and average number of alighting passengers is 12 passengers per bus. All the buses 
that stop in the bus stop are 40-foot low floor buses (that will facilitate level boarding at bus stop) that 
have a narrow front door (one channel) and a narrow rear door (one channel). Standees are not 
normally present on the bus. All boarding occurs through the front door and 60% of the passengers use 
monthly passes which needs visual inspection and the remaining 40% of passengers who purchase single 
ride or daily fares should use farebox with exact change. For percentage of passengers alighting through 
front door and rear door, use the recommendation provided from the bus capacity methodology in 
chapter 6. Assume that the passengers waiting at the loading area is in crowded condition. Assume 
coefficient of variation of dwell times (cv) as 0.6. Assume the bus door opening and close time as 4 
seconds.  
Assume a re-entry delay of 3 seconds for each bus to pull back into the traffic stream after serving the 
passengers. Using the design bus stop failure rate of 10%, calculate the dwell time and loading area 
capacity for the bus stop. Follow and illustrate all the steps from steps 1-5 while solving dwell time and 
loading area capacity. When any needed data is not given, use the recommended values from Week 7 
lecture notes or in the bus capacity methodology section of Chapter 6 in TCQSM 3rd edition (pages 6-60 
to 6-85).  
 
2. (5 points) For the above situation, calculate the bus stop capacity. Assume that all the buses at the 
bus stop arrive at a random pattern. Also the bus stop is located far enough from a traffic signal that 
there is no influence for the bus stop from the queue of the stopped vehicles generated by the traffic 
signal.  
TL 787  
Homework 7 
Due: April 6th  
1. (10 points) This is a reading assignment. The objective of this task is to get 
knowledge about some of the topics/concepts relating to rail transit capacity that 
were not covered in the lecture. Study Chapter 8 of Transit Capacity and Quality 
of Service Manual (TRCP Report 164) and write a brief summary (at least 4 
sentences) for each of the following concepts.    
a. Traffic Signal Priority for Transit Vehicles 
b. Skip-Stop and Express Operation 
c. Passenger-Actuated Doors 
d. Fare Payment 
e. Wheelchair Accommodations 
 
2. (10 points) For the calculation example that is solved in the Week 11 recorded 
lecture, calculate the controlling headway and train throughput when there is a 
slope of 1.5% downgrade into the station and a 1.5% upgrade out of the station. 
There is no need to consider the effect of line voltage and hence the assume the 
value of lv as 1 (meaning 100%). Assume an average dwell time at the critical 
station as 35 seconds and operating margin as 40 seconds.   
TL 787  
Homework 81 
Due: April 15th 
1. (5 points) A transit network is being designed to serve a 1500-m-wide corridor. There should be two 
lines parallel to the corridor axis, and it is possible to locate them at any location.  
a. What would be the optimal locations of the two lines to minimize access distances 
perpendicular to the lines, measuring from the left-hand boundary of the corridor?  
 
b. What will be the average and maximum access distances, assuming that the population 
distribution in the corridor is uniform? 
 
2. (5 points) List and define the advantages and disadvantages of trunk lines with feeders as compared 
to trunk lines with branches. 
 
3. (5 points) How many transfer possibilities are there at a joint station with the following numbers of 
transit lines:  
a. Three lines intersecting each other 
 
b. Eight terminating lines 
 
c. Three intersecting and two terminating lines. 
 
4. (5 points) Define and briefly describe the three major objectives that should be considered in planning 
transit networks. Which three major parties are affected by the three major objectives?  
                                                          
1 Source of homework problems: Vuchic, Vukan R. (2005) Urban Transit Operations, Planning, and Economics. 
Hoboken, New Jersey: John Wiley & Sons, Inc. 
TL 787 Public Transportation II 
Term Project: Write a Transit-Related Paper 
Assigned: January 28, 2016 
Final Report Due: May 10, 2016 
 
Instructions 
For the term project, you should write a research paper on a public transportation topic. This project 
could be a qualitative analysis of a transit issue, a quantitative analysis of a transit-related data source, 
or a synthesis of previous research regarding a specific transit-related topic.  Potential topics can include 
any transit-related topic. Search previous literature for ideas before selecting a topic. A list of potential 
topics can be provided by the instructor. The types of projects that can be conducted are described 
below. 
Qualitative analysis: This could include a case study analysis, the creation and application of a 
framework, or some other type of qualitative analysis. This type of paper should also include references 
to at least four other research studies related to the chosen topic. 
Quantitative analysis: This includes an analysis of a transit-related data source. Data could be obtained 
from the National Transit Database (http://www.ntdprogram.gov/ntdprogram/), a local transit agency, 
or some other source, or it could be collected yourself. This type of paper should also include references 
to at least four other research studies related to the chosen topic. 
Synthesis report: A synthesis report is a summary of previous research conducted regarding a specific 
topic. In a synthesis report, you should summarize methods and key findings, compare and contrast the 
studies, identify and analyze key themes, and draw some conclusions. This type of paper should include 
references to at least ten research studies, though you do not need to go into an in-depth analysis of 
each study. Include at least 5-7 studies that you analyze in greater detail, while the other studies could 
be referenced for minor points or supporting arguments. 
Literature Review 
Each type of research project will require some type of literature review. You can search for literature 
through the TRID database (http://trid.trb.org/) or Google Scholar (scholar.google.com ), though you are 
not limited to these options. You can also try the World Transit Research site at 
http://www.worldtransitresearch.info/.  At least half of your articles should include journal articles or 
TCRP reports, as these are generally of higher quality. If you find an article online that you do not have 
access to, email one of the instructors, and we may be able to access the article for you. 
  
Due Dates 
The following are important due dates for the term project: 
 Project Proposal Due: February 16 
o The project proposal should be about 1-2 pages and it should provide a description of the 
topic you plan to write about and how you plan to complete the project. 
 Draft Report Due: April 18  
o Rough draft or detailed outline of complete paper 
 Presentations: April 25-29 
o 15 minute PowerPoint presentation  
 Final Report Due: May 10  
Manuscript Format 
Basic formatting guidelines are as follows:  
 Overall Length: The length of the paper – including the abstract and references – should be a 
minimum of 3,500 words. 
 Cover Page: The paper title, the author’s name, the class name, and the date submitted should be 
included on the title page.  
 Abstract: Following the cover page should be an abstract. The abstract must be no longer than 250 
words, it must be self-contained, and it must not require reference to the paper to be understood. 
 Page Setup: Students can use the font of their choice, but font size for the body of the text should 
be 10-12 points. Page numbers should be included. Page margins should be 1 inch.  
 Tables & Figures: Tables and figures should be embedded in the body of the report.   
 References: The reference list should contain only references that are cited in the text, listed 
alphabetically.  Denote a reference at the appropriate place in the text by citing the author name 
and year of publication.   
 
Other formatting details are up to the student. 
Presentation Format 
Presentations should be about 15 minutes in length. Presentations will be followed by a brief question 
and answer session that will be moderated by the instructor.  Tips for presentations can be found at the 
following link:  http://onlinepubs.trb.org/onlinepubs/am/2015/AVTips.pdf 
  
Grading 
The paper will be evaluated on the following criteria: 
 Depth of coverage and completeness 
 Clarity and organization 
 Correctness (logical, computational, technical, grammatical) 
 Findings/conclusions and lessons learned 
 Neatness and professionalism 
 
The overall grade for the project will be determined as follows: 
 Project Proposal   5% 
 Draft Paper  10% 
 Presentation  30%   
 Final Paper  55%  
 
 
 
  
 
 
 
 
 
EXAMS 
 
 
  
TL 787  
Mid-Term Exam 
Due: March 11, 2016 
1. (10 points) Describe the four main types of operating environments and how they affect transit 
speed, capacity, and reliability. 
 
2. 1Operating speed on an 8-km-long line is Vo = 16 km/hr. The headway is 12 minutes, and 
terminal time at each end is 6 minutes. Bus preferential treatments are being considered to 
improve the operation, but they would require a certain level of investment. The transit 
operator will make the investment if it can reduce the number of buses by one due to these 
improvements.  
a. (10 points) What is the current number of buses needed for this bus line? 
b. (10 points) What is the minimum operating speed that would allow saving one bus, 
assuming the headway remains at 12 minutes? 
 
3. (10 points) Summarize the factors influencing transit ridership. 
 
4. (10 points) Describe how elasticities and mode choice models can be used to predict changes in 
ridership following changes in service characteristics or external factors. 
 
5. (7 points) Availability and Comfort and Convenience are the two important aspects in the transit 
trip decision making process. What are the key performance measures that are available in each 
aspect to evaluate the quality of service for fixed-route service and demand-response service?  
 
6. a. (2.5 points) What is service coverage area?  
b. (2.5 points) What are the values that are generally used for service coverage area for local bus 
stop and for rapid transit station?  
c. (2.5 points) Explain walk distance based service coverage area and how it is different from air 
distance based coverage area?  
d. (2.5 points) Explain the various street patterns and how walk distance based service areas 
varies for each type of street pattern. 
 
7. (8 points) What are various sources of bus delay associated with bus stops? Briefly describe each 
source of bus delay. 
 
 
                                                          
1 Source of problem: Vuchic, Vukan R. (2005) Urban Transit Operations, Planning, and Economics. Hoboken, New 
Jersey: John Wiley & Sons, Inc. 
8. (25 Points) A bus facility in a non-CBD area of a metropolitan city consists of a series of five bus 
stops on a straight stretch of the road and is served by five transit routes with a combination 
peak hour frequency of 35 buses per hour. The straight stretch of the roadway is a three-lane 
one-way street and all the bus stops are linear and on-line design and located at the near side of 
an intersection with g/C ratio of 0.5 for all traffic signals. Determine the bus stop capacity for all 
the bus stops and bus facility capacity for a design failure rate of 7.5%. Illustrate all the steps in 
the capacity calculation process.  
Input Data for 5 bus stops on the bus facility: 
  Bus Stops on Bus Facility 
  1 2 3 4 5 
Number of loading areas 2 2 1 1 2 
Curb-lane volume (veh/h) 350 450 300 400 500 
Right-turn volume (v/h) 60 70 45 65 60 
Pedestrian volume (v/h) 35 45 50 40 55 
Capacity of through movement (Cth) (v/h) 900 900 900 900 900 
Reentry Delay (seconds) 5 6 3 2 8 
Boarding Passengers 8 10 4 5 9 
Alighting Passengers 7 6 3 4 10 
 
All the buses that stop in the bus stop are 40-foot low-floor buses (that will facilitate level boarding at 
bus stop) that have a wide front door (two channel) and a narrow rear door (one channel). Standees are 
not normally present on the bus. All boarding occurs through the front door and 55% of the passengers 
use monthly passes which need visual inspection, and the remaining 45% of passengers who purchase 
single-ride or daily fares should use the farebox with exact change. For percentage of passengers 
alighting through front door and rear door, use the recommendations provided from the bus capacity 
methodology in chapter 6 of TCQSM. 
Assume coefficient of variation of dwell times (cv) as 0.6. 
Assume the bus door opening and close time as 4 seconds. 
Assume a boarding lost time as 3 seconds for bus stops with two loading areas.  Also assume buses 
arrive in platoons at all bus stops.  
When any needed data is not given, use the recommended values from Week 7 lecture notes or in the 
bus capacity methodology section of Chapter 6 in TCQSM 3rd edition (pages 6-60 to 6-85). 
 
TL 787  
Final Exam 
Due: May 13, 2016 
1. (15 points) Discuss demand-response transit capacity issues and the factors you need to 
examine to determine needed capacity (e.g., number of vehicles and vehicle-hours needed). 
 
2. (15 points) Discuss the differences between ridership and coverage goals, including the reasons 
for each goal, the tradeoffs, implications for service deployment, and performance 
measurement. 
 
3. (12 points) Describe the types of errors that can arise when conducting transit surveys and how 
to minimize each. 
 
4. (13 points) List and describe major factors of transit network design that mostly affect passenger 
attraction.  
 
5. 1An urban sector has a transit network consisting of a trunk line and a number of branches, as 
shown below. This network is served by buses that come from the branches and continue on the 
trunk to the CBD.  
 
 
Discuss the advantages and disadvantages of changing the present operation into each one of 
the following alternatives: 
a. (3 points) The same buses, but branches made to terminate at transfer points and the trunk 
line operate independently.  
b. (3 points) The same as (a), but it is possible to obtain different types of buses for different 
lines; for example, articulated buses for the trunk, regular buses and minibuses for different 
feeders. 
c. (3 points) The same as (a), but introduce a rail system (light rail transit [LRT] or rail rapid 
transit [RRT]) on the trunk.  
(3 points) Which major factors would influence among the selection among the three 
alternatives? 
 
                                                          
1 Source of problem: Vuchic, Vukan R. (2005) Urban Transit Operations, Planning, and Economics. Hoboken, New 
Jersey: John Wiley & Sons, Inc. 
6. (13 points) List and describe the various rail track types. Discuss the construction 
materials/elements used for each track type, and locations where each track type is commonly 
used.  
 
7. (20 points) Determine the control system’s minimum train separation for both cab signaling 
system and moving block signaling system for the below situation.  
 
For a heavy rail transit line, trains are planned to operate at a maximum speed of 65 mi/h and 
while entering the stations, a speed of 35 mi/h is maintained. Service is provided by ten-car 
trains with each car being 75 ft long. Consider a slope of 1.5% downgrade into the station and a 
1.5% upgrade out of the station. There is no need to consider the effect of line voltage and 
hence the assume the value of lv as 1 (meaning 100%). For all other variables, use the default 
values suggested from the TCQSM 3rd Edition Chapter 8.  
  
 
 
 
 
 
COURSE 
EVALUATIONS 
TL 787: Public Transportation II 
Evaluation of Spring 2016 Semester 
TL 787 Public Transportation II was offered for the first time in the Spring 2016 semester. The course 
was conducted strictly online. Originally 13 students registered, though one dropped within a couple 
weeks, another dropped shortly thereafter, and a third dropped in the middle of the semester. Among 
the ten remaining students, seven were actively involved in the class. The three other students took an 
incomplete for the course. Six of the actively involved students received an A for the course, and the 
other received a B. 
The class schedule closely followed the schedule outlined in the syllabus. The actual schedule of topics 
and the reference material from which the lectures were derived are shown in the Table below. 
Week Topic References Instructor 
Jan 11-15 Introduction, Mode and Service Concepts TCQSM Chapters 2 Jeremy 
Jan 18-22 Operations Concepts  TCQSM Chapter 3 Jeremy 
Jan 25-29 Transit Operations and Service Scheduling Vuchic Chapter 1 Jeremy 
Feb 1-5 Demand Analysis 
Balcombe Chapters 
3 & 5, Ceder 
Chapter 11; TCRP 
161  
Jeremy 
Feb 8-12 Quality of Service: Concepts and Methods 
TCQSM Chapters 
4, 5 
Ranjit 
Feb 15-19 Bus Transit Capacity TCQSM Chapter 6 Ranjit 
Feb 22-26 Bus Transit Capacity TCQSM Chapter 6 Ranjit 
Feb 29-Mar 4 Demand Response Transit Capacity TCQSM Chapter 7 Jeremy 
Mar 7-9 Mid-term exam (No lecture)   
Mar 14-18 No Class – NDSU Spring Break   
Mar 21-25 Rail Transit Capacity TCQSM Chapter 8  Ranjit 
Mar 28-Apr 1 Railroad Engineering AREMA Material Ranjit 
Apr 4-8 Service Planning Vuchic Chapter 4 Ranjit 
Apr 11-15 Transit Service Planning Issues 
Walker – Human 
Transit 
Jeremy 
Apr 18-22 Transit Financing, Transit Surveys 
Innovative Funding 
Sources for Transit, 
Kockelman et al., 
TCRP 63 
Jeremy 
Apr 25-29 Presentations   
May 2-6 No class   
May 9-13 Final exam, class project due   
 
In most weeks, recorded lectures were provided in Blackboard using Tegrity. The length of the recorded 
lectures each week typically ranged from 1 hour to 1 hour 45 minutes (though they were sometimes 
broken into more than one part). Two live lectures were conducted. The first was on Railroad 
Engineering during the week of March 28 – April 1, and the second was on transit service planning issues 
during the week of April 11-15. The first was conducted on Blackboard using Collaborate and suffered 
from poor audio. The second was conducted with Adobe Connect and had much better audio, as well as 
better class attendance. The first live lecture only had three students attend (and only two for the entire 
lecture), while the second had five students attend. 
Students were given eight homework assignments throughout the course of the class, and they typically 
had 1-2 weeks to complete each assignment. They were given a mid-term exam and final exam, both 
being take home exams, and a class project that required a final paper and class presentation. The 
students recorded their presentations using Tegrity. Class participation, which included use of the 
discussion board, counted for 10% of the final grade. 
Student Feedback 
At the end of the semester, students were asked to complete a standard course evaluation. In addition 
to this evaluation, we provided an additional survey to gather further student feedback regarding the 
content of the material covered in the class. Six students completed the course evaluation, and three 
completed the course content survey. Responses to the course evaluation are shown below. 
Please rate your satisfaction with the instruction in this course. 
 
Please rate the instructor as a teacher. 
 
Please rate the ability of the instructor to communicate effectively. 
 
1
3
2
0
0
Very Good
Good
In Between
Poor
Very Poor
2
2
2
0
0
Very Good
Good
In Between
Poor
Very Poor
1
4
0
0
0
Very Good
Good
In Between
Poor
Very Poor
Please rate the quality of this course. 
 
Please rate the fairness of procedures for grading this course. 
 
Please rate your understanding of the course content. 
 
The course objectives were clearly stated. 
 
The coursework covered was pertinent to the course objectives. 
 
  
1
2
3
0
0
Very Good
Good
In Between
Poor
Very Poor
0
4
1
0
0
Very Good
Good
In Between
Poor
Very Poor
1
3
1
1
Very Good
Good
In Between
Poor
Very Poor
3
3
0
0
0
Very Good
Good
In Between
Poor
Very Poor
2
3
1
0
0
Very Good
Good
In Between
Poor
Very Poor
The examinations reflected class materials. 
 
The instructor demonstrated a command of the subject matter. 
 
The instructor presented material at an appropriate intellectual level and was enthusiastic about the 
subject matter.  
 
The instructor encouraged students' participation. 
 
The instructor answered questions clearly. 
 
  
3
3
0
0
0
Very Good
Good
In Between
Poor
Very Poor
2
4
0
0
0
Very Good
Good
In Between
Poor
Very Poor
2
4
0
0
0
Very Good
Good
In Between
Poor
Very Poor
0
3
1
0
0
Very Good
Good
In Between
Poor
Very Poor
1
4
1
0
0
Very Good
Good
In Between
Poor
Very Poor
The instructor was available for students. 
 
Please list at least ONE outstanding characteristic of this course. 
 I liked that the instructors attempted to have live lectures. 
 Provided the recorded lectures for future references and reviews for the homework 
assignments, papers, exams, and such. Provided assistant in a timely manner. 
 This course contained significant analytical content that is not present in other courses. 
 Tegrity presentations were easily digested. 
 The course materials were good and relevant to what i want to know about transportation 
planning 
 
Please list at least ONE aspect about this course that needs improvement and suggest a strategy for 
improvement.  
 Sometimes the technology (Tegrity) seemed to not be working correctly. 
 High frequency of the homework assignments that require decent amount of time. Recommend 
increasing the time of the due dates for the assignments. 
 There should be a more content that relates to the theme of the course beyond purely 
mathematical approaches to public transportation. The course title may need to be changed to 
reflect an emphasis on engineering analysis and modeling. 
 This course has heavy assignments in total, we have final projects, presentation, final exams and 
homeworks. Some of the homework questions are so difficult that takes too much time. 
Personally, I think the instructor should balance the homework, projects, and exams with class 
participations.  
 I wish the discussions had the ability to send daily digests or notifications. 
 good to me so far 
 
Was this course beneficial to you and your future career moves within the military, Department of 
Defense, or in the civilian sector. 
 
  
3
2
1
0
0
Very Good
Good
In Between
Poor
Very Poor
1
2
2
1
Very Beneficial
Beneficial
Maybe
No
Was the content of this course relevant to your future positions and the future of military logistics 
around the world. 
 
Responses to the course content survey are shown below. Only four students completed this survey, 
and one of the student’s responses were not useful. 
Which topic(s) covered in this class did you find most beneficial or interesting? 
  none 
  all the topics 
 
 I found the topics on transit passenger volume analysis calculations and transit planning 
and investments to be the most beneficial to me. 
 Bus Capacity and Demand Analysis 
Were there any topics covered in this course that you would have liked to have seen covered in greater 
detail? 
  no 
  no 
 
 I think more detail on transit planning topics would have been relevant to this course. 
 Transit Operations and Service Scheduling 
Were there any topics not covered in this course that you would have liked to have seen covered? 
  no 
  aviation planning 
 
 I would like to see the more information on transit finances as they relate to real world 
practices that would have been helpful. 
 Use of Advanced Technologies 
Which topic(s) covered in this course did you find the least interesting or beneficial? 
  no 
  none 
 
 It was the least beneficial for me going over the data collection methods, that might be 
better served in another class. 
 Transit Financing 
Provide any other comments about the content or structure of the course: 
  no 
  air transport planning should be introduced 
 
 I think that some participation is helpful in encouraging communication between students. 
 Overall, the course was conducted successfully. 
 
  
1
2
2
1
Very Beneficial
Beneficial
Maybe
No
Recommendations 
Based on the experience of the instructors and student feedback, we developed a number of 
recommendations for improving the course. 
Increase student interaction and use of the discussion board 
The discussion board can be used to a greater extent to encourage interaction between students, as well 
as between students and the instructors. The discussion board was used in the class but was not used 
very extensively until near the end of the semester. After giving class presentations, students were 
required to provide comments and questions to other students about their presentation on the 
discussion board. This proved to be very successful in encouraging interaction between the students. 
Similar exercises like this should be conducted throughout the semester. Homework assignments could 
be given that require use of the discussion board. 
Conduct more live classes 
The recorded lectures work well, but providing live classes allow students the opportunity to interact 
with the instructor or other students. When polled, most students answered that they were somewhat 
interested in having live classes, indicating that it may not be most important but they see some benefit 
to it. Finding a time that most students could attend the class was difficult, as they all had full-time jobs 
and other commitments, but students who could not attend were able to view a recording of the 
lecture.  
Rearrange the order of topics covered 
The lecture near the end of the semester on transit service planning issues was a less technical lecture 
that would have worked well as more of an introductory lecture earlier in the semester. We should 
consider if we should do any further rearranging, such as moving service planning from Vuchic up earlier 
in the semester, though I think the order worked generally well. 
Cover service planning more, and possibly demand analysis 
We were not able to cover all of chapter 4 from Vuchic on service planning, though I think this is an 
important topic. We could spend an additional week on this topic and cover the entire chapter. We 
could also consider adding another week on demand analysis. One student mentioned that the transit 
planning and demand analysis topics were the most beneficial, and the class could benefit from 
providing greater coverage of these topics. 
Consider adding more material on transit finances and investments 
One student recommended additional coverage of transit finances and investments. One brief lecture 
was given on this topic. This is an important topic, and the class would benefit from covering it in greater 
detail. Unfortunately, this is a difficult subject to cover and is not an area of expertise for either 
instructor. However, we can study this issue more and investigate how it could be covered better in the 
class. 
Cut lecture on transit surveys and data collection 
While conducting transit surveys and collecting data is important, this topic may not fit as well in this 
class and could be cut if we plan to extend coverage of other topics. The lecture on railroad engineering 
could also be cut if needed because some of this material is covered in another course. 
Consider renaming course to provide greater detail 
One student commented that “the course title may need to be changed to reflect an emphasis on 
engineering analysis and modeling.” This course is much more analytical and quantitative than the 
preceding course, TL 786 Public Transportation I. Although the more quantitative nature of the course is 
noted in the course description, some students may have expected the class to be more like TL 786 and 
were not expecting the more analytical and quantitative material. The course title could be changed to 
something more descriptive to ensure more accurate expectations. Alternatively, the course description 
could be edited to more clearly describe the analytical and quantitative nature. A possible alternative 
course name would be something like Public Transportation Engineering and Analysis or Public 
Transportation: Planning, Analysis, and Design. The course title, though, needs to be inclusive of all 
topics covered, and if we add more material on finances, it may not fit under a new course title such as 
these. 
Evaluate assignments 
The workload for the course seems appropriate, compared to other courses in the program, though a 
couple students did comment on the heavy workload. The workload is heavier than that for some other 
courses in the program, but other courses in the program have a similar or even greater workload. The 
workload consisted of eight homework assignments, two take-home exams, and a class project that 
required a final paper and class presentation. This may be fine, but we could consider alternative 
approaches, such as fewer homework assignments with more time to work on them but with more 
questions. The class projects worked well and allowed students to explore different topics and share 
their work with other students. However, there was somewhat of a disconnect between the class 
project and the material covered in the class. That’s not necessarily bad, as it broadened the range of 
topics studied, and the projects were mostly well done, but the class project seemed like it did not fit 
quite as well with the theme for the rest of the class. Options are to adjust the class project so that it 
focuses more on the topics covered in class, drop the class project and increase the workload for other 
assignments, or keep it as is. 
